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THE  BUILDINGS  OF  THE  EXHIBITION. 


CHAPTER  I. 


INTRODUCTION. 


Location  and  extent  of  buildings  and  grounds  ;  The  city  of  Vienna  ;  The 
iNDUflTRiAL  Palace  ;  Arrangement  of  exhibits  ;  Location  of  smaller  build- 
iKOS ;  The  groih^ds  ;  Erection  of  the  American  schooi«-housb  ;  The  American 
department;  Location  of  space  and  of  exhibits;   Number  of  exhibitors 

AND  their  success. 

1.  The  plan  of  the  International  Exhibition  at  Vienna  was  conceived  and 
executed  ander  the  most  favorable  circamstances.  The  government  of 
Anstria  appropriated  22,000,000  of  florins,  or  about  $11,000,000.  The  lo- 
cation was  all  that  could  have  been  desired,  in  the  Prater,  which  is  a  park 
of  4,000  acres,  consisting  of  lawns,  gardens,  and  forests.  It  is  five  times 
larger  than  the  Champs  de  Mars,  the  site  of  the  Paris  Exposition  of 
1867,  twelve  times  larger  than  that  of  London  in  1862,  twenty-two  times 
larger  than  the  Crystal  Palace  grounds  in  New  York  in  1852,  and  twen- 
tj-nine  times  those  of  the  exhibition-grounds  in  Hyde  Park,  London, 
in  1851.  It  was  directly  connected  with  all  parts  of  the  city  by  steam 
or  horse  railways,  excellent  paved  streets,  or  by  steamer^  on  the  Dan- 
ube.  Eivers  bound  it  on  the  north  and  east.  The  suburbs,  Wieden 
and  Leopoldstadt,  which  would  be  called  wards  in  this  country,  bound 
the  Prater  on  the  south  and  west. 

2.  It  is  entirely  within  the  city  of  Vienna,  the  capital  of  Austria, 
which  is  composed  of  nine  towns  which  have  been  consolidated  into  one 
grand  city  of  1,100,000  inhabitants.  The  old  town,  covering  but  one- 
twentieth  of  the  area  of  the  present  city,  was  formerly  surrounded  by 
an  immense  ditch  and  parapet  which  the  present  Emperor  caused  to  be 
levelled,  and  a  magnificent  boulevard  now  beautifies  its  former  site. 
Taxes  are  remitted  for  twenty  years  to  any  person  building  on  this 
avenoe.  The  American  embassy  was  located  on  this  boulevard,  the 
Danube  and  Prater  being  in  the  foreground,  and  the  exhibition 
occupying  the  best  portions  of  the  latter.  The  site  of  the  main  build- 
ing is  the  imperial  garden,  surrounded  by  long-preserved  forest-trees, 
lawns,  fountains,  and  beautiful  pavilions,  bnilt  and  occupied  by  enterpris- 
ing people  from  all  parts  of  the  world.  The  city  of  Vienna  is  seen  on  a 
background,  beyond  which  are  the  Soemmering  Mountains. 

3.  The  main  exhibition-buildings  extend  from  east  to  west  2,800  feet, 
and  are  78  feet  in  width.  The  main  central  transept,  extending  through 
the  rotunda,  is  625  feet  in  length  and  80  feet  in  width.  There  are  also 
sixteen  minor  transepts,  540  feet  in  length,  including  the  crossing  of  the 
east  and  west  transept,  and  47  feet  in  width.    Between  these  transepts 
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are  open  courts,  100  feet  wide,  all  of  which  were,  either  wholly  or  in 
part,  covered  with  wooden  pavilions  by  nations  occupying  the  adjoining 
transepts. 

4.  The  nations  represented  in  the  exhibition  were  plact'd  in  the  same 
relative  position  in  the  building  as  they  occupy  on  the  globe,  from  east 
to  west.  Thus  Japan,  China,  Turkey,  Egypt,  Russia,  Greece,  Hungary, 
Austria,  Germany,  Belgium,  Holland,  Sweden,  Norway,  Denmark,  Italy, 
Switzerland,  France,  Spain,  Portugal^  Great  Britain,  Brazil,  South 
America,  and  the  United  States  were  assigned  spac^  in  the  order  named, 
Japan  and  the  United  States  occupying  the  extreme  eastern  and  western 
ends  of  the  main  buildings,  and  Russia  and  the  United  States  occupying 
tlie  extreme  ends  of  the  Machinery- Hall,  with  the  other  countries  inter- 
vening, in  the  order  of  their  geographical  location. 

5.  The  pavilions  were  located  as  nearly  as  practicable,  in  accordance 
with  the  same  general  idea,  so  that  it  was  easy  to  locate  the  position  of 
the  exhibits  of  any  nationality.  The  Machinery- Hall  was  located 
parallel  with  and  north  of  the  main  buildings.  The  kunst-  or  art- 
hall  was  placed  upon  the  eastern  extension  of  the  main  buildings,  its 
western,  or  nearest,  line  being  350  feet  from  the  east  portal.  The  build- 
ings for  the  floral  and  horticultural  exhibitions  were  about  500  feet 
south  of  the  art-hall. 

The  exhibition  of  cattle,  stock,  and  swine  was  held  about  one  mile 
east  of  the  main  exhibition,  in  a  portion  of  the  Prater  where  ample 
provision  had  been  provided  for  all  applications  for  space.  All  the 
space  allowed  by  the  General  Direction  to  be  used  for  buildings  was  taken 
up  and  occupied. 

6.  The  Deneral  Direction  transplanted  all  of  the  most  valuable  trees 
that  it  was  necessary  to  move,  and  constructed  streets,  lawns,  fountains, 
and  sanitary  arrangements,  bringing  city  water  and  gas  into  the 
grounds.  When  it  seemed  impossible  to  complete  the  buildings  and 
grounds  by  the  1st  day  of  May,  4,00f)  soldiers  were  detailed,  and  they 
were  finally  completed  and  opened,  on  the  day  appointed. 

The  great  prosperity  of,  and  enterprise  exhibited  in,  manufactures 
and  in  architectural  and  building  improvements,  as  well  as  in  the  beauti- 
fying of  its  numerous  parks,  gave  sure  promise  of  a  result  which  should 
bear  favorable  comparison  with  the  great  Paris  Universal  Exposition. 

7.  In  accordance  with  orders  received  from  the  United  States  Execu- 
tive Commissioner,  the  writer  shipped  all  the  finished  work  of  the  Ameri- 
can school-house,  including  sash  and  doors,  from  Chicago  to  Vienna, 
purchased  the  timber  in  Austria,  and  erected  the  building  in  the  most 
eligible  location  to  be  found  adjoining  the  United  States  department. 
The  size  of  this  building  was  34  by  50  feet  5  16  feet  high.  There  were 
two  principal  rooms,  one  on  either  end,  the  school-room  being  27  by  33 
feet,  and  the  recitation-room  15  by  33  feet.  Bach  was  lighted  from 
three  sides.  This  last  room  was  used  for  a  reception,  reading,  and 
writing  room  for  Americans,  and  for  the  business-meetings  of  the  Gen- 
eral Commission.    There   were  also  two  vestibules  and  cloak-rooms 
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between  the  priucipal  rooms.  There  was  a  ventilating-cupola  ou  the  top 
of  the  building.  Complete  veutilation  was  secured  throughout.  Thebnild- 
ing  was  built  of  balloou-frame,  sided  outside,  and  neatly  sheathed,  and 
was  papered  inside.  Blackboards  were  on  the  walls.  The  National  School- 
forDiture  Company  furnished  forty  eight  seats,  which  were  placed  in  posi- 
tion for  scholars,  a  teacher's  desk,  globes,  books,  charts,  maps,  and  com- 
plete apparatus  for  illustrating  everything  taught  in  any  district-school 
io  America.  The  recitation-room  had  a  carpet,  tables,  chairs,  and  desk. 
This  was  a  rendezvous  for  Americans.  The  entire  cost  of  this  building 
was  $4,813,  which  was  within  the  amount  speci&ed  in  the  order  of  Gen- 
eral Van  Bnren;  it  was  pronounced  by  all  visitors  the  most  complete 
school-room  at  the  exposition. 

8.  The  United  States  section. — The  American  department,  or 
the  United  States  section,  occupied  the  extreme  western  end  of  the 
main  building,  all  of  the  western  cross-transept,  except  about  100  feet 
of  the  north  end,  (which  was  assigned  to  South  America  and  Brazil,) 
and  the  open  court  which  was  between  the  two  southwestern  transepts. 
This  the  United  States  covered.  In  the  foregoing  space  Groups  I,  II, 
III,  IV,  V,  VI,  VIII,  IX,  X,  XI,  XII,  XIV,  XV,  XVI,  XVII,  and 
XXIII  were  exhibited.  The  educational  exhibit  wivs  made  partly  in 
the  American  school-house  and  partly  in  the  main  building.  It  was 
an  honor  to  the  country. 

The  machinery  exhibit  was  located  in  the  western  end  of  the  machin- 
ery-hall, and  contained  many  ingenious  and  valuable  exhibits.  The 
exhibit  of  agricultural  machines  was  made  in  a  separate  building  adjoin- 
ing the  machinery  department,  and  both  here  and  in  the  field  the 
exhibits  of  the  United  States  were  unsurpassed.  The  sewing-machine 
exhibit  from  the  United  States  was  located  in  a  covered  court  betweeu 
two  transepts.    It  surpassed  that  of  any  other  country. 

In  the  fine-art  exhibit,  G.  P.  A.  Healy,  of  Chicago,  and  A.  Bierstadt, 
of  Xew  York,  were  honored  with  medals,  justly-earned  laurels.  The 
former  exhibited  a  portrait  of  Pope  Pius  IX  and  the  Bomanian  princes  ; 
the  latter  presented  his  matchless  views  of  American  scenery. 

9.  While  the  representation  from  the  United  States  included  nearly 
twice  as  many  exhibitors  as  were  represented  at  the  Paris  exhibition  in 
1867,  the  magnitude  of  this  exhibition  was  not  understood,  and  the  dis- 
tance from  America  was  so  great  that  our  countrymen  did  not  compre- 
hend its  importance  and  the  benefits  to  be  expected  to  accrue  to  exhib- 
itors. 

Notwithstanding  the  lateness  of  the  appropriation  by  Congress,  the 
screat  distance  to  b.^  travelled,  and  the  fact  that  the  articles  for  exhibi- 
tion were  transported  by  sailing-vessels,  the  United  States  department 
was  opened  by  the  middle  of  May,  1873.  Our  exhibitors  obtained  more 
than  their  share  of  the  awards  in  proportion  to  the  number  of  exhibitors. 


CHAPTER    II, 


BUILDINGS  OF  THE  EXHIBITION. 

Style  OF  ARCHiTBCTURB ;  Foundatioxs;  Walls;  General  dimensions;  Details 
OP  construction  ;  The  rotunda  ;  Drsignkr  ;  Dimensions;  Elevating  the  great 

CIRCULAR    girder  ;     FRAMING  OF  THE    DOME  ;    LaNTERN  ;   THK  ART-BUILDING ;    Ma- 

chinery-hall;  The  pavilions;  The  jury;  The  imperial,  The  Schwarzenberg 

AND  the  SaXE-CobURG-GOTHA  pavilions  ;   SCHOOL-HOUSRS  AND   OTHER  ANNEXES  ; 

The  Japanese  pavilion  and  the  pavilion  of  the  Nbue  Freie  Presse. 

10.  The  principal  buildings  erected  by  the  Austrian  government  were 
in  the  renaissance  st^ie  of  architecture. 

11.  The  site  selected  for  these  buildings  has  a  peculiar  alluvial  bot- 
tom, a  water-bed  from  the  Danube,  having  a  depth  of  6  feet,  which  gives 
no  stability  to  foundations,  so  that  it  was  necessary  to  drive  piles  wher- 
ever buildings  were  erected.  Upon  these,  grout  was  placed,  and  upon 
the  grout,  masonry  was  laid  in  cement  well  bedded  in  the  grout;  and 
carried  up  to  the  top  of  the  ground,  where  the  brick  walls  were  started. 
The  walls  of  all  the  main  buildings  were  of  brick,  strengthened  by  pilas- 
ters. The  main  buildings  were  2,800  feet  in  length,  crossed  by  principal 
and  minor  transepts  from  540  to  625  feet  in  length,  and  from  47  to  80 
feet  in  width.  Between  these  cross-transepts  extended  open  courts,  100 
feet  wide  on  the  north  and  south  of  the  main  east  and  west  transept. 

12.  The  outside  walls  were  covered  with  cement-stucco,  and  the  prin- 
cipal pr^rtion  of  the  lower  story  was  lined  in  imitation  of  stone.  The 
roofs  were  .arched  and  covered  with  zinc,  having  standing  grooves. 
The  inside  walls  of  the  transepts  haii  columns  2  feet  in  front  of  the 
pilasters,  these  columns  furnishing  a  finish  to  and  division  of  exhibits  ; 
the  walls  being  furred  and  covered  with  tinted  canvas,  stretched  from 
the  clerestory  windows  to  the  floor. 

The  principal  portal  was  the  south  central  entrance,  opposite  the 
grand  entrance  to  the  park.  The  north,  the  east,  and  the  western  portals 
were  principal  entrances.  The  transepts  assigned  to  the  different  na- 
tions had  each  an  entrance,  over  which  their  names  and  national  seals 
were  placed. 

In  the  frieze  and  panels  of  the  pilasters  were  inscribed  names  of  noted 
artists,  mechanics,  engineers,  and  other  celebrated  men.  Between  the 
projections  of  the  main  center  and  the  last,  or  end,  double  cross-tran- 
septs on  both  north  and  south  fronts,  there  were  in  all  twelve  colonnades, 
12  feet  wide,  flagged  below  and  roofed  above.    These  colonnades  covered 
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the  gfHlleries  connecting  the  two  end  and  the  two  center  transepts.  These 
<^lleries  were  ased  for  the  sanitary,  the  clerical,  and  the  police  arrange- 
ments below,  and  for  the  officers  of  the  commissions  of  the  coaatries  con- 
nected with  them  or  whose  exhibits  were  adjacent. 

Fic^.  2  shows  the  main  entrance,  with  the  coat  of  arms  of  the  Aus- 
trian Empire,  the  colonnades,  and  the  dome  with  the  crown  and  lantern. 

13.  The  dome. — Notwithstanding  the  many  miles  of  courts  and  tran- 
septs through  which  we  passed  and  admired  for  the  symmetry  and  fore- 
tboaght  of  its  arrangement,  the  great  feature  of  the  exhibition  was  the 
grand  central  dome,  located  at  the  center  of  the  main  buildings,  and  which 
constitutes  a  portion  of  the  lotunda,  a  structure  which  has  never  been 
tH)nailed  in  modern  architecture.  The  dome  was  built  fh)m  the  designs 
of  J.  Scott  Russell,  the  celebrated  English  engineer.  It  is  built  of  iron, 
and  weighs  4,000  tons.  It  is  supported  upon  thirty-two  pairs  of  double 
iron  columns, 80  feet  in  height,  each  beariuga  vertical  pressureof  109  tons. 
They  were  incased  in  sheet-iron,  giving  the  appearance  of  solid  columns, 
4  by  10  feet  each.  Inside  of  this  ring  of  columns  the  dome  has  no  sup- 
port. The  diameter  of  the  dome  is  354  feet,  its  circumference  1,080  feet , 
and  its  altitude  257  feet  to  the  crown,  or  lantern,  including  which  its 
total  height  is  284  feet.  This  is  the  largest  rotunda  in  the  world,  being 
3.17  times  larger  than  the  dome  of  St.  Paul's  Cathedral,  London ;  2.26 
times  larger  than  the  dome  of  St.  Peter's  at  Rome ;  2.22  times  larger 
than  the  dome  of  the  Internatioiial  Exhibition  Buildings  at  Loudon. 
Upon  this  ring  of  columns  rests  an  immense  iron  circular  girder,  or  ring, 
which  was  riveted  and  bolted  together  on  the  ground,  and  raised  by 
hydraulic  pressure.  The  columns  were  placed  in  position  as  the  ring, 
or  girder,  was  raised.  Fig.  3  shows  the. position  of  the  girder  as  it  was 
being  raised. 

14.  The  foundations  of  the  columns  were  carried  upon  pieces  of  stone, 
supported  on  piles,  and  well  laid  in  cement.  They  projected  4  feet 
above  the  surface  of  the  ground.  A  railway-track  was  laid  in  a  circle 
on  the  inside  of  the  ring,  upon  which  track  cars  were  brought  with  the 
iron  ring-girder  completed  in  sections.  The  latter  were  placed  upon 
the  stone  piers,  or  foundations,  connected,  and  then  hydraulic  pressure 
was  applied,  and  the  ring  began  to  ascend.  As  fast  as  the  sections  of 
the  column  could  be  inserted  it  was  so  placed.  Fig.  4  shows  the 
iron  ring-girder  raised  to  one  half  its  full  height.  Fig.  5  shows  the 
iron  ring-girder  after  it  has  arrived  at  its  destination,  when  the  stagings 
are  being  finally  replaced  by  sections  of  the  columns. 

15.  It  will  be  seen  that  the  upper  side  of  this  ring-girder  slopes  at 
an  angle  of  thirty  degrees,  which  is  also  the  slope  of  the  cone ;  upon  this 
circular  rested  the  radial  girders,  which  were  each  200  feet  long,  and 
were  riveted  and  bolted  to  the  ring  at  the  bottom  and  at  each  circular 
Hug  above.  The  columns  on  the  eiwt  and  west  sides  of  the  dome  con- 
tained iron  stairways  and  hydraulic  lifts  by  which  visitors  ascended  to 
the  dome. 
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The  design  of  the  engineer  was  to  build  the  cone  from  the  lower  ring- 
girder,  thus  avoiding  the  necessity  of  using  staging  ;  but  the  Austriaa 
architect  and  engineer  built  a  staging,  as  shown  in  Fig.  6,  and  |>]aced 
the  upper  ring-girder  upon  this  staging  in  the  place  designed  for  it. 
They  then  connected  the  radiar  girders  from  the  lower  ring-girdBr  to 
the  upper  ring-girder,  and  the  columns  around  the  upper  dome.  The 
roof,  between  the  radial  girders,  is  composed  of  360  iron  plates,  tapering 
uniformly  upward  from  the  circumference  to  the  apex  of  the  cone, 
and  riveted  together  like  the  plates  of  a  ship.* 

16.  The  upper  dome,  or  lantern,  is  100  feet  in  diameter,  and  is  sup- 
ported by  thirty  iron  columns  50  feet  in  height.  It  is  lighted  by  win- 
dows 40  feet  high  and  10  feet  wide  between  the  columns.  It  is  sur- 
mounted by  an  imperial  crown  60  feet  in  height,  making  the  total 
height  of  the  dome  above  foundations,  (main  columns,  80  feet;  cone,  100 
feet ;  windows,  40  feet ;  crown,  60  feet,)  280  feet.  The  foundations  meas- 
ure 20  feet  additional. 

The  inside  of  the  iron  dome  was  lined  with  canvas  in  sections,  laced 
together  through  rings  under  each  radial  girder.  The  canvas  was 
painted  to  imitate  fresco,  the  figures  being  21  feet  in  length,  or  about 
four  times  the  size  of  life,  their  great  height  making  them  appear  but 
of  natural  size  when  seen  from  the  floor  of  the  rotunda. 

Forming  a  part  of  the  rotunda  is  an  outer  ring,  or  arcade,  40  feet  wide 
and  80  feet  high,  opening  into  four  charming  gardens,  or  open  courts,  thus 
making  the  ground  floor  of  the  rotunda  440  feet  in  diameter. 

Fig.  7. 
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The  sketch,  Fig.  7,  shows  the  lower  or  main  colunias  snpportiriff 
the  outward  or  lower  ring-girder,  upon  which  the  trustam  of  the  cone 
rested.  There  is  also  placed  a  second  ring-girder  to  receive  the  press- 
ure of  the  inner  edge  and  to  distribute  the  pressure  arouud  the  cone. 
The  columns  become  part  of  the  cone  itself,  being  connected  both  to 
the  raciial  and  the  ring-girders,  thus  adding  strength  to  each  and  to  all 
parts  by  an  ingenious  system  of  iron  chain-cables,  or  parabolic  cate- 
naries, ending  in  the  summits  of  the  columns  supporting  this  dome 
The  weight  of  the  cone  anchors  the  columns  on  the  other  side,  and  it 
is  claimed  that  should  an  earthquake  or  any  other  power  be  sut!ieient 
to  move  this  4,000  tons  of  iron  the  whole  structure  would  move  bodily, 
including  the  columns.  It  is  certainly  the  most  grand,  practical,  and 
imposing  dome  the  world  has  ever  seen,  and  it  is  no  less  a  triumph  of 
skill  and  art  in  engineering.  It  is  an  illustration  of  the  practical  use 
of  iron  in  one  of  the  most  diOicult  and  scientitic  problems  of  archi- 
tectural construction.    The  dimensions  on  Figure  7  are  in  metres. 

18.  The  ART-BUiLDiNa.— The  kunst,  or  art-hall,  was  east  of  the 
main  building,  standing  in  a  north  and  south  line,  or  at  right  angles  to 
the  main  building,  its  nearest  side  being  350  feet  east  of  the  east  portal. 
It  was  100  feet  wide  by  600  feet  long,  with  a  large  corridor  at  the 
center  of  sides  and  ends  for  the  exhibition  of  statuary.  The  building 
was  of  brick,  with  the  universal  stucco-finish  outside.  The  inside  was 
divided  into  suitable  galleries  and  studios,  and  was  well  lighted  from  the 
roof.  In  addition  to  the  paintings,  some  of  the  choicest  statues  and 
statuettes  were  here  exhibited. 

In  addition  to  the  art-building  proper,  there  were  open  wooden  pavil- 
ions, connecting  either  end  of  the  art-hall,  extending  400  feet,  with  circu- 
lar returns  of  700  feet  in  length,  and  to  the  triumphal  arch  which 
completed  the  eastern  end  of  the  series  of  principal  buildings.  This 
last  series  of  pavilions  was  almost  wholly  devoted  to  the  exhibition  of 
statuary,  fountains,  terra  cotta,  plaster,  artificial  stone,  and  similar 
materials. 

19.  The  Machinbby-Hall. — ^The  Machinery- Hall  was  125  feet  wide 
and  2,060  feet  long,  all  in  one  room,  60  feet  in  height,  having  brick  walls, 
the  outside  covered  with  stucco,  colored  so  as  to  give  it  the  appearance 
of  bluestone;  the  roof  was  of  iron,  built  light  but  strong.  Two  rail- 
way-tracks ran  through  the  entire  length  of  the  inside,  and  with  a  par- 
allel track  on  the  outside  gave  excellent  facilities  for  shipment  of  heavy 
machinery  either  to  or  from  the  exposition.  The  designs  for  the  shaft- 
ing were  made  by  the  Austrian  engineer,  and  were  all  uniform.  Each 
nation  was  given  as  much  power  as  was  desired. 

20.  Pavilions. — Among  the  pavilions  surrounding  the  principal  ex- 
hibition buildings  were  the  imperial  and  jury  pavilions,  located  on  the 
east  and  west  of  the  grand  entrance.  They  were  both  of  brick,  finished  in 
imitation  of  stone  outside.  The  former,  for  the  use  of  the  imperial  fam- 
ily, consisted  of  a  reception-room,  Emperor's  room,  Empress's  room,  arch- 
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dake'8  room,  and  ampie  aaterooms,  all  oa  one  floor.  The  interior  dec- 
oration was  replete  with  t^ie  products  of  artistic  akill,  both  in  aesi^n 
and  in  execntion.  The  jury  pavilion  contained  the  assembly  and  com- 
mittee rooms  for  each  gronp.  A  portion  of  its  stractare  was  enlarged  to 
two  stories  in  height.  The  general  direction  and  imperial  commission 
pavilions  were  on  either  side  of  the  grand,  or  main,  entrance,  and  con- 
nected with  a  semicircular  corridor  connecting  the  main  bnildings. 
Ample  provisions  for  telegraphing,  reading,  and  writing  were  here 
afforded,  and  an  interpreter  for  every  nation  was  famished  by  the  Gen- 
eral Direction. 

21.  The  Schwarzenberg  estate  erected  an  extensive  and  symmetrical 
wooden  pavilion,  in  the  Swiss  style  of  architecture,  and  filled  this,  besides 
covering  all  the  ground  adjoining  and  assigned  to  them,  with  the  most 
complete  exhibition  of  everything  useful,  either  to  eat,  to  wear,  or  for 
manufactures,  that  could  be  crowded  into  so  small  a  space.  The  most 
noticeable  articles  were  sugair,  sirups,  honey,  beet-sugar,  cereals,  alco* 
hoi,  spirits,  flsh,  game,  wool,  flax,  iron,  steel,  wood,  lumber,  every  kind 
of  wooilen  ware,  and  illustrations  of  the  ceramic  arts.  This  pavilion 
was  designed  and  executed  with  great  skill,  and  would  repay  many  days 
of  study.  This  estate  is  located  in  several  parts  of  Austria  and  Ger- 
many, though  mostly  in  Austria,  and  includes  a  greater  number  of 
acres  than  some  of  the  states  of  this  union.  It  is  owned  by  Prince  J. 
Adolphns  Schwarzenberg  of  Vienna. 

22.  The  pavilion  of  the  Duke  of  Saxe  Ooburg-Gotha  was  next  in  size 
and  in  importance  as  a  complete  exhibition.  It  was  also  constructed  in 
the  Swiss  style  of  architecture,  built  of  wood,  and  with  much  skill  and 
good  judgment.  Similar  articles  were  exhibited  to  those  shown  as  just 
described  by  the  Schwarzenberg  estate. 

23.  The  United  States,  or  American,  school-house  was  adjacent  to  the 
Portuguese,  Swiss,  and  Swedish  school-houses,  which  were  all  built  of 
wood,  and  smaller  than  that  of  the  United  States;  that  of  the  Swedish 
nation  was  in  the  form  of  a  cottage.  The  largest  room  was  used  for 
the  exhibition  of  samples  of  their  text-books,  desks,  and  articles  made 
by  girls.  The  German  school-rooms  were  filled  with  drawings,  models, 
and  contained  a  few  desks.  The  Persian,  Turkish,  Russian,  French, 
English,  and  Egyptian  pavilions,  the  light-house  x)f  the  maritime  board, 
the  Swiss  music-hall,  a  house  of  artificial  stone,  Wagner's  stable,  Wag- 
ner's green  (iron)  house,  a  water-tower  (of  iron,)  the  military  barracks 
Krupp's  pavilion,  the  Russian  peasants'  house,  and  the  American,  Rus. 
siau,  Swiss,  Swedish,  Tyrolese,  Austrian,  English,  and  German  restau. 
rants  were  also  erected  in  the  Swiss  style  of  architecture;  and  many 
others  were  objects  of  interest.  Permits  for  the  erection  of  about  three 
hundred  within  the  inclosure  were  granted  by  the  General  Direction, 
and  as  many  more  were  erected  without  the  inclosure  and  within  the 
Prater. 

24.  The  Japanese  pavilions  were  made  in  their  own  peculiar  style, 
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with  one  story,  and  the  universal  veranda  in  tront.  Tbe  woods  used 
were  brought  from  Japan,  and  tbe  buildings  were  erected  by  mechanics 
from  Japan,  who  put  them  up  in  a  masterly  and  skilful  manner.  It 
was  almost  impossible  to  discover  a  joint.  One  of  tbeir  workmen,  while 
drawing  his  plane  toward  himself,  as  is  their  custom  when  planing  a 
piece  of  wood,  made  a  shaving  26  feet  long.  One  peculiar  feature  of 
these  Japanese  houses  was  that,  while  they  were  built  strongly,  their 
sides  were  entirely  of  paper  except  where  strength  was  especially  re- 
quired. Their  windows  were  of  paper,  also;  their  shingles  were  of  palm- 
leaves,  and  were  nailed  on  with  wooden  nails,  or  pegs,  similar  to  those 
used  in  pegging  a  boot. 

25.  The  Neue  Freie  Presse  building  was  of  brick,  and  had  the  form  of 
a  cross;  the  inside  was  finished  with  stucco,  or  cement,  and  lined  in  imi- 
tation of  stone ;  a  portion  of  the  center  had  the  appearance  of  being  two 
stories  in  height.  The  newspaper  to  be  published  here,  and  for  which 
this  building  was  erected,  was  the  earliest  and  most  ardent  supporter 
of  the  exhibition  in  the  empire,  and  was  the  recognized  organ  of  tbe 
General  Direction,  publishing  daily  in  this  building  accounts  of  the 
latest  current  events.  One  of  tbe  most  useful  and  most  scientifically, 
constructed  structures  within  the  exhibition  grounds,  was  that  of  the 
Wagner  iron  green-house,  erected  near  the  fioral  and  horticultural  ex- 
hibition halls.  The  system  of  heating  by  hot  water  was  excellent,  the 
ventilation  good,  and  light  perfectly  under  control.  The  design  was 
symmetrical  and  complete. 


CHAPTER    III. 


BUILDINGS  IN  THE  CITY  OF  VIENNA. 

Thk  Strauss  Music-Hall  ;  Aiisenal:  Its  construction  and  arrangement  ;  Apart- 
ment buildings;  Models;  Heinrichshof. 

26.  Fig.  10  •  represents  the  Strauss  music  pavilion,  or  hall,  in  the 
Volks  Garten.  One  of  the  features  of  this  pavilion  is  that  the  covered 
stand  for  the  orchestra  is  octagonal,  and  is  half  without  and  half  within 
the  buildings,  so  that  the  music  can  be  heard  within  or  without,  as  the 
weather  may  permit  the  audience  to  sit  outside  or  may  drive  them  with- 
in doors.  The  Strauss  band,  of  from  seventy-five  to  one  hundred  per- 
formers, gave  two  concerts  each  day  within  the  exhibition  grounds. 

27.  The  adjutant- general's  department,  the  quartermaster's  depart- 
ment, and  ordnance  department,  of  the  empire,  have  all  of  their  execu- 
tive offices  located  at  the  arsenal,  which  is  some  two  miles  from  the 
center  of  the  city  and  immediately  on  the  outer  circle  of  the  improved 
or  newly  built-up  portions  of  the  city.  This  arsenal  has  been  pronounced 
by  Gen.  William  T.  Sherman  to  be  the  finest  and  most  complet-e  in  the 
world.  The  grounds,  both  within  and  without  the  inclosure,  were  beauti- 
fied by  parks  and  fountains. 

28.  The  imperial  arsenal  is  built  of  brick,  the  outside  being  in  the 
form  of  a  rectangle,  with  projecting  corners  and  centers,  in  the  Tudor- 
Gothic,  or  castellated  style  of  architecture,  with  battlements  all  around. 
It  has  thick  walls,  for  defense  against  musketry.  This  building  varies 
from  60  to  100  feet  in  width  and  from  three  to  four  stories  high.  The 
intermediate,  or  cross,  buildings  within  the  inclosure  are  quite  as  exten- 
sive as  the  outer  buildings.  One  building  is  used  as  an  art  and  military 
museum,  with  all  the  war  relics  and  articles  captured  from  the  enemy 
during  hundreds  of  years  past.  On  the  walls  and  ceilings  are  painted 
the  successful  battles  of  the  Austrian  empire.  At  the  main  entrance 
of  this  military  museum  a  hall,  or  corridor,  is  devoted  to  the  exhibi- 
tion of  full-sized  statues  of  the  groat  generals  and  of  the  Emperors  and 
Empresses  of  the  empire. 

Great  care  is  taken  to  exhibit  the  keys  of  captured  cities — in  former 
generations  the  symbols  of  possession. 

The  foundery  and  machine-shops  for  the  manufacture  of  large  guns 
and  of  small-arms  and  of  gun-carriages,  an  immense  carpenters' and 
wheelwrights'  shop,  a  harness  and  saddlery  shop,  and,  in  fact,  the  man- 
ufacture of  all  war- materials,  are  provided  for  in  buildings  within  the 
arsenal. 

The  government  has  established  a  chapel  at  the  center  of  one  end  of 
the  inclosure. 
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29.  Apartment-buildings.— Models  ami  plaus  of  apartment-build- 
ings were  exhibited  from  Great  Britain,  France,  Germany,  and  Austria. 
Those  from  London,  Berlin,  Paris,  Pesth,  and  Vienna  claimed  the  most 
attei^ion.  Perhaps  the  most  notable  models  were  from  Pesth,  Hun- 
gry, where  blocks  and  buildings  on  both  sides  of  whole  streets  were 
shown,  nearly  all  apartment-houses,  of  from  four  to  six  stories  in  height, 
and  all  masonry  fire-proof  buildings. 

30.  Fig.  12  shows  a  representative  apartment-building  fronting  on  the 
grand  bonlevard,  or  Ringstrasse,  in  the  city  of  Vienna,  and  known  as 
the  Heinrichshof,  (Henry  House.)  It  covers  an  area  of  150  by  310  feet, 
is  six  stories  high  at  the  centers  and  corners,  and  elsewhere  live  stories 
high.  A  cellar  extends  under  the  entire  building.  The  lower  story  is 
occapied  by  cafes,  or  shops,  and  all  above  first  story  are  used  for  apart- 
ments, usually  suites  of  rooms.  The  best  suites  have  bath-rooms  and  all 
sanitary  accommodations,  all  arranged  complete  on  the  floor  occupied. 
This  building  has  a  capacity  for  one  thousand  persons  above  the  stores, 
or  first  floor.  The  buildings  are  built  of  brick  and  are  fire-proof,  the 
floor-girde^  being  of  iron,  with  brick  floors,  and  the  roof  of  tiles.  There 
are  sixteen  flights  of  stone  steps  with  iron  railings,  all  distinct,  from  bot- 
tom to  top.  There  are  three  open  courts,  say  60  by  200  feet  inside, 
ranning  across  the  building  and  between  the  outside  walls.  These 
courts  give,  light  and  ventilation,  and  are  connected  with  the  streets 
by  large  arches  of  sufficient  dimensions  to  admit  a  large  carriage. 
Twenty  carriages  could  enter  the  courts  without  inconvenience.  Over 
ODB  of  these  courts,  above  the  second-story  windows,  a  glass  room 
lias  been  erected,  and  an  extensive  restaurant  fitted  up  in  connec- 
tion with  the  cafis  at  either  side  of  it.  The  other  courts  are  paved  and 
kept  open,  and  the  janitor  is  compelled  to  keep  them  clean.  The  en- 
trances to  the  apartments  are  through  the  arched  passages.  A  janitor 
lives  in  rooms  at  the  foot  of  the  stairs  at  the  entrance,  whose  dnty  it 
is  to  attend,  day  or  night,  and  to  receive  messages  when  the  occupants 
are  absent,  and  to  keep  the  keys  when  not  occupying  the  rooms.  Any 
Domber  of  rooms  are  leased  as  desired.  Meals  are  served  in  the  apart- 
meut  a  la  carte^  or  occupants  may  come  down  to  the  restaurant  in  the 
first  story  or  to  the  cafe,  as  preferred.  Families  left  in  their  apartments 
can  always  call  upon  the  poi:;ter  for  anything  required  or  for  protection. 
In  many  similar  buildings  the  hydraulic  lift,  or  elevator,  is  now  placed, 
the  city  water-works  pressure  being  sufficient  to  operate  it  without 
steam.  The  operation  is  so  simple  that  a  child  can  manage  it,  and 
the  upper  stories  of  apartment-buildings^  are  thus  made  as  available 
as  the  lower  and  more  expensive  stories. 

Adjoining  this  main  building,  an  apartment-building  has  a  chapel 
with  a  hall  in  the  second  story.  The  American  embassies  in  Vienna, 
Paris,  and  Berlin  are  in  apartment-buildings.  These  buildings  com- 
bine all  requisites  both  for  business  and  for  residence,  and  in  thickly- 
settled  cities  must  come  into  general  use. 
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31.  When  a  baildiug  is  to  be  ere3feecl  that  is  of  safficient  importance 
to  justify  the  employmont  of  an  architect,  the  plans  and  speciftcations 
are  completed  by  him,  and  a  competent  superintendent  is  employed, 
who  proceeds  to  erect  an  office  upon  the  grounds  immediately  adjacent 
to  the  place  where  the  building  is  to  be  erected.  This  superintendent 
makes  plans  of  all  the  details,  and  remains  upon  the  ground  until  the 
building  is  completed,  the  architect,  or  engineer,  giv^ing  his  instructions 
to  the  contractors  through  this  superintendent. 

32.  Iron  girders,  extending  from  the  walls  or  partitions,  are  almost 
uuiversally  used  to  support  brick  arches,  upon  which  the  Aoers  are  laid. 
Brick  partitions  are  usually  built  upon  these  girders  and  arches.  The 
stagings  erected  around  the  buildiugs  are  much  more  extensive  than 
those  used  in-  this  country.  They  usually  build  them  six  feet  or  more 
in  width  for  each  story,  and  have  inclines  from  one  story  to  another, 
allowing  them  to  remain  until  the  completion  of  the  building.  The 
stagings  contain  almost  as  much  lumber  as  many  American  buildings. 

The  foundations  receive  careful  attention,  and  for  a  heavy  masonry 
building  are  always  placed  upon  piles  and  grout.  All  buildings  are 
intended  to  be  fire-proof  from  the  ground  to,  and  including,  the  roof. 
The  walls  are  either  brick,  stone,  or  iron.  The  dtair-ways  are  of  stone, 
artificial  stone,  or  iron,  or  brick,  with  cement  covering  and  facings. 
Boofs,  whether  of  slate  or  tile,  are  laid  in  cement.  The  flues,  for  venti- 
lation, smoke,  and  ashes,  are  often  made  of  hollow  tile;  in  fact,  many 
walls  and  ceilings  are  made  of  hollow  brick,  the  ceilings  being  laid  in 
stucco  or  plaster. 

33.  In  one  instance,  in  Vienna,  we  saw  a  building  being  erected  where 
the  joists  were  logs  split  in  the  middle,  having  a  diameter  of  from  10  to 
16  inches.  This  face  was  laid  downward  on  the  walls  and  brick  par- 
titions ;  cement  was  laid  on  top  until  there  was  a  surface  sufficiently 
level  to  permit  the  tile-floor  to  be  laid  above.  The  under  side  was 
covered  with  a  net-work  of  rushes,  and  secured  by  wire  well  nailed  to 
the  face  of  the  logs  above.  Upon  this  lathing  of  rushes  the  plastering 
was  finished.  The  mortar  is  mixed  in  wooden  boxes,  and  that,  as  well 
as  the  brick  and  tile  used  on  the  building,  is  usually  carried  to  the  place 
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where  ased  by  women.  The  buildngs,  which  are  built  of  brick  and  faced 
with  stacco  outside,  are  sometimes  painted  when  completed,  and  are 
usaaHy  renewed  and  painted  once  in  from  three  to  five  years,  so  that  a 
ixeabiy-finished  appearance  is  given  to  buildings  erected  many  years 
siuce. 

34.  BXTILDING-MATEBIALS. — B nil diug- materials  of  all  kinds  were  ex- 
hibited by  every  European  country.  Even  Japan  sent  some  excellent 
samples  of  wood,  stone,  iron,  and  pottery.  The  stone  used  in  the  ex- 
position buildings  and  grounds  by  the  Austrian  government  is  a  mag- 
nesian  limestone,  of  a  durable  nature,  obtained  from  inexhaustible  quar- 
ries on  the  banks  of  the  Danube,  above  the  city  of  Vienna. 

The  exhibition  of  artificial  stone  and  of  terracotta  was  probably  super- 
ior both  in  quality  and  quantity  to  any  similar  collection  ever  before 
brought  together.  Great  Britain,  France,  Germany,  Italy,  and  Austria 
vied  each  with  the  other  in  the  endeavor  to  produce  the  most  substan- 
tial, elegant,  and  artistic  specimens  of  this  art.  Great  Britain  and 
Germany  excelled  in  the  production  of  stone  possessing  the  first-named 
quality.  The  Chailly  artificial-stone  house  from  Germany,  16  by  20 
feet  inside,  had  a  roof  of  only  6  inches  thickness  In  the  center  and  12 
inches  thick  at  the  sides,  with  the  arch  of  6  inches  rise,  and  no  support 
in  the  center.  We  saw  twenty  men  standing  on  the  flat  top,  making 
no  perceptible  impression  upon  it.  This  building,  of  which  the  walls, 
floor,  and  roof  were  entirely  of  artificial  stone,  had  another  noticeable 
feature  in  the  steps  outside.  Twelve  steps  were  made  in  one  piece,  and 
the  entire  twenty  steps  were  made  in  only  two  pieces.  A  report  upon 
the  artiftctal  stone  and  terra  cotta  exhibited,  alone  would  profitably  oc- 
capy  the  entire  space  allotted  to  this  report;  but  as  the  duty  of  describ- 
ing these  articles  was  assigned  to  another  commissioner,  a  more  extended 
notice  need  not  be  given  here. 

35.  Plastering. — Plastering  is  used  very  extensively  on  walls  and 
ceilings.  Walls  are  very  seldom  painted  inside.  As  the  walls  are  usu- 
ally of  brick  inside,  much  of  the  plastering  is  given  a  stucco  or  plaster-of- 
Paris  finifth  in  a  larger  number  of  coats  than  is  usual  in  this  country. 
Many  buildings  have  one  or  more  coats  of  brown  mortar  before  the 
hard-flnish  id  put  on.  Many  columns  and  pilasters  are  finished  with 
plaster  of  Paris,  then  painted  in  imitation  of  stone  or  of  marble ;  and  it 
is  so  well  done  that  it  is  sometimes  difficult  to  determine  whether  it  is 
an  imitation  or  the  real  article.  In  some  cases,  when  the  flat  side  of 
timbers,  as  previously  described,  were  used  to  support  floors,  rushes 
were  secured  to  their  under  side  by  having  wires  nailed  to  the  timbers 
overhead,  then  the  ceilings  were  plastered. 

36.  Lumber. — A  large  proportion  of  the  lumber  used  in  Vienna  is 
brought/ from  the  country  in  the  vicinity  of  the  Salzburg  Alps  aud  down 
the  Danube.  It  consists  of  fir  and  of  a  species  of  pine,  similar  to  our 
Norway  pine,  having  a  harder  grain  tlian  our  Michigan  white  pine. 

The  Schwarzenberg  estate  and  that  of  SaxeCoburg-Gotha,  and  some 
2  B 
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Hungarian  exhibitors  showed  some  choice  specimens  of  hard  wood,  the 
latter  especially;  and  the  French  department  also  exhibited  some  beau- 
tiful specimens  of  walnut  and  ash  veneering. 

37.  Cements. — ^A  very  fine  representation  of  water-lime  and  hydraulic 
cements  was  shown  from  Austria,  Germany,  Great  Britain,  Italy,  and 
Spain,  and  several  specimens  came  from  the  United  States.  The  Bomau 
and  Portland  cements  were  best  represented  in  the  British  section. 

38.  The  Austrian  cement  most  used,  and  the  standard  in  Vienna,  was 
manufactured  about  fifteen  miles  above  Vienna,  on  the  Danube.  It 
has  the  following  compositiou : 

Water 0. 50 

Lime 58. 50 

Magnesia 3. 55 

Silicate  of  magnesia 0. 30 

Iron 6. 60 

Clay 4.  75 

Carbonic  acid 0. 50 

Sulphuric  acid 2. 10 

Potash 0. 95 

Flint-dust 18.60 

Clay  and  sand 3.  65 

100. 00 

This  hardens  under  water  in  about  thirty  minutes,  and  in  less  time 
above  water.  Buildings  faced  with  it  two  hundred  years  ago  are  now 
standing  in  the  city  of  Vienna.  The  majority  of  buildings  built  in  that 
city  are  constructed  with  large,  coarse  brick,  and  with  thick  joints 
outside,  so  as  to  give  a  good  bond  to  bind  the  cement  or  stucco  fac- 
ings. They  are  almost  universally  faced  with  cement  in  imitation  of 
stone.  The  window  sills,  caps,  corbels,  and  cornices  are  in  many  in- 
stances built  of  burnt  clay  and  cemented  over,  the  comers  and  moldings 
formed  in  molds  like  the  inside  stucco  or  hard-finish  work  in  this  coun- 
try.  The  aim  seemed  to  be  to  have  all  outside  cement-work  done  as 
early  in  the  season  as  possible,  that  it  may  become  hard  before  the  frosts 
occur. 

39.  Preservation  of  timber. — In  the  exhibit  of  timber  and  railway- 
ties,  by  several  processes  of  preservation,  it  was  demonstrated  that  the 
life  of  timber  was  extended  four  or  five  times.  Over  fifty  patents  have 
been  obtained  in  England  alone  for  processes  intended  to  prevent  the 
decay  of  wood.  France  and  Germany  have  also  granted  patents  for 
the  same  purpose.  Some  have  aimed  to  prevent  wet-rot  and  some  dry- 
rot  }  and,  from  the  year  1737,  when  the  first  attempt  was  made,  up  to  the 
present  time,  boiled  oil,  corrosive  sublimate  or  chloride  of  mercury, 
(kyanizing,)  sulphate  of  copper,  sulphate  of  iron,  chloride  of  zinc,  and 
the  sulphate  of  iron  with  a  succeeding  application  of  carbonate  of  soda, 
which  is  said  to  form  oxide  of  iron  in  the  pores  of  the  wood,  have  all 
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been  tried.  These  methods  were  fully  examined,  and  after  iuspeetiug 
specimens  illustrating  the  use  of  several  processes,  and  particularly  a 
railroad-tie  from  Germany  which  had  been  in  use  for  over  fifteen  years, 
which  seemed  just  as  good  as  the  day  it  was  cut,  and  which  was  war- 
ranted to  last  ten  years  more,  it  was  concluded  that  the  process  of 
creosoting,  by  which  this  tie  was  preserved,  was  the  best  of  all  those 
observed.  The  process  consists  in  placing  the  timber  in  an  iron  boiler, 
similar  to  a  steam-boiler,  from  25  to  75  feet  long  and  6  feet  in  diameter, 
and  closing  the  boiler,  extracting  the  air  by  an  air-pump.  When  the 
vacnam-gauge  indicates  a  vacuum  of  20  inches  of  mercury,  the  creosote, 
which  is  stored  in  tanks  adjacent  to  the  boiler,  is  admitted  at  a  temper- 
ature of  120O  F.,  and  fills  the  cylinder  to  within  about  2  inches  of  the 
top.  A  pressure  of  from  100  to  150  pounds  per  square  inch  is  then 
applied,  the  pressure  being  determined  by  the  nature  of  the  timber  and 
the  quantity  of  the  creosote  required  to  be  introduced.  One  cubic  foot 
of  timber  will  absorb  a  gallon  of  creosote,  weighing  ten  pounds.  From 
foQr  to  eight  hours  is  considered  a  sufficient  time  for  creosoting  ordi- 
nary timber. 

We  found  railways  in  Austria,  Germany,  Italy,  France,  Belgium,  and 
Great  Britain  nsing  creosoted  ties  altogether;  and  after  collating  all 
the  information  obtained  from  engineers  and  marister-mechanics,  we 
found  the  cost  to  be  from  12  to  20  cents  (gold)  for  creosoting  each  tie. 
The  average  length  of  use  was  twenty-one  to  twenty-five  years.  In 
some  instances,  creosoting  was  advised  for  ties  and  piling,  and  burnet- 
izing  for  bridge  and  building  timber. 

40.  Bbigk-maj^ing. — The  process  of  brick-manufacture  and  all  kinds 
of  clay-burning  for  building  purposes,  as  exhibited  by  Austria  and  Ger- 
many, is  a  great  Improvement  over  the  methods  usually  adopted  in  the 
United  States.  The  brick  are  made  either  by  hand  or  by  machinery, 
then  dried  or  baked  until  they  can  be  handled  easily,  and  until  there 
is  room  in  some  of  the  compartments  of  the  kiln  for  a  charge. 

41.  The  principal  yards  have  permanent  kilns  built  of  brick,  either 
circular  or  in  the  form  of  an  ellipse,  and  made  in  compartments,  each 
of  which  has  a  separate  entrance  and  independent  connection  with  the 
chimney.  A  down  draught  is  secured  from  the  top,  where  the  fuel  is 
placed,  to  the  chimney,  which  is  either  built  within  the  kilns  or  entirely 
outside,  bat  which  has  its  draught  invariably  connected  with  the  bot- 
tom of  the  kilns.  The  fuel  used  is  generally  fine  coal,  which  falls 
around  all  the  bricks,  and  the  flame  and  heated  gases  surround  and 
pass  through  all  portions  of  the  materials  being  burned.  While  some 
of  the  compartments  are  being  burned,  others  are  being  filled  and  still 
others  being  discharged.  The  proprietors  of  a  large  brick  and  tile 
works  at  Vienna  informed  us  that  their  kilns  had  not  been  without  fire 
in  some  x>ortion  for'  fourteen  years.  At  one  side  of  these  kilns  an 
approach,  or  incline,  was  constructed,  so  that  wagons  could  deliver  coal 
on  the  top  of  the  kilns,  precisely  where  it  would  be  required  in  feeding. 
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42.  EngraviDgs  showing  the  plan  and  sections  of  these  kihis  are  here 
given.    (Figs.  14-18.)  ": 

It  is  claimed  that  great  economy  is  attained  in  the  use  of  fuel,  and 
that  time  is  saved  in  burning  clay  for  building  purposes : 

1st.  By  the  diminished  amount  of  fuel  required. 

2d.  By  the  correct  regulation  of  the  draught,  by  draught-rods  and 
dampers  connected  with  the  chimney. 

3d.  That  all  heat  not  required  for  the  burning  of  any  number  of  kilns, 
or  compartments,  can,  by  the  system  of  the  circular  ovens  and  draughts^ 
be  used  in  other  compartments. 

The  ring-oven  is  a  continuous  annular  canal,  with  brick  arched  roofs, 
having  an  outer  wall  and  a  covered  space  to  protept  the  ovens  from 
the  weather  without.  The  doors  of  the  compartments  are  made  air- 
tight when  the  compartment  is  filled  and  its.  contents  being  burned* 
The  compartments  have  connecting  doors  made  in  a  similar  manner, 
so  that  two  or  more  compartments  can  be  worked  together  if  desired. 
The  theory  is  also  advanced  that  the  coal  is  converted  largely  into  gas- 
eoas  combustible  compounds  to  a  certain  degree,  and  thus  a  flame  is 
obtained  which  more  thoroughly  permeates  the  mass  of  brick  to  be 
borned. 

43.  The  size  of  the  bricks  exhibited  and  burned  at  Vienna  was  from 
four  to  seven  times  the  size  of  those  usually  manufactured  in  the  United 
States.  They  were  thoroughly  burned,  and  cost  about  one-half  as  inuch 
as  an  equal  number  of  cubic  feet  made  in  the  United  States. 

The  same  construction  of  kilns  answers  for  the  burning  of  lime  and 
cement,  with  the  single  exception  that  for  lime  and  cement  the  kilns  are 
lined  inside  with  tire-brick  on  account  of  the  greater  heat  required, 
although  some  of  the  manufacturers  in  Austria  recommend  a  fire-brick 
liiiiDg  in  all  these  kilns.  About  two  thousand  of  their  large  bricks  are 
placed  in  320  cubic  feet,  which  has  been  found  practically  to  be  the 
most  economical  proportion. 


CHAPTER    V. 


RAILROADS  AND  THEIR  CONSTRUCTIONS. 

Exhibits  by  railroads  ;  Subsidies  ;  Character  op  construction  ;  Details  ;  Saxby 
&  Farmer's  switch  ;  Austrian  railroad-signals  ;  Conclusion. 

44.  The  principal  railway  compaDies  of  Aastria  and  Oermany  were 
represeutedattbeexhibition.  The NortherD,  Western,  State,and  South- 
ern railways  of  Austria  made  the  best  display,  having  each  a  pavilion 
devoted  to  the  exhibition  of  their  superstrnctares  and  railway-plant, 
as  well  as  their  management. 

The  Northwestern  Bailway  Company  erected  a  model  station,  having 
full-sized  tracks  and  rolling-stock.  Elevations  of  their  principal  depots 
and  other  buildings  were  exhibited,  showing  excellent  plans  for  con- 
struction. One  especially  noteworthy  detail  was  their  simple  and  ap- 
parently perfect  system  of  tickets. 

45.  The  government  of  Austria,  in  order  to  secure  for  military  pur- 
poses the  completion  of  the  trunk  rail  way-lines  centering  in  Vienna,  has 
guaranteed  5  per  cent,  upon  their  cost  of  construction.  This  indorsement 
has  not  been  abused,  and  but  a  single  railway  has  ever  received  anything 
from  the  government  on  this  account.  This  assistance  has  had  the  efiect 
of  increasing  the  total  length  of  road  during  the  past  ten  years  from 
8,500  miles  to  28,155  miles  of  first-class  railway  in  operation  at  the  pres- 
ent time.  Double  tracks  are  laid  down,  with  rare  exceptions,  with  ma- 
sonry viaducts  and  masonry  or  iron  bridges.  The  grades  are  kept  within 
a  low  maximum  by  constructing  numerous  tunnels  and  viaducts.  The 
roadways  are  kept  in  good  condition  by  trenches  5  feet  wide  and  at 
least  2  feet  deep  on  both  sides  of  the  road-beds,  with  cross-culverts, 
built  of  stone  where  practicable. 

The  foundations  of  the  road-beds  consist  of  large  paving-stones  or 
rubble-stone  about  a  foot  in  thickness.  Upon  this  foundation,  which 
serves  as  a  medium  of  drainage  also,  broken  stone  is  placed  up  to  and 
levelled  to  receive  the  ties.  The  spaces  between  the  ties  are  then  filled  with 
the  same  material.  After  the  iron  is  laid  down,  the  center  of  the  track  is 
ballasted  with  small  stone,  making  the  center  of  the  track  level  with  the 
top  of  the  rails,  and  a  space  is  left  under  the  center  of  each  rail  for  water 
to  escape  through.  When  broken  stone  cannot  be  obtained,  gravel  is 
used  for  balia.'^ting  in  the  same  manner  above  the  bottom  of  the  tie. 

The  road-bed  is  extended  at  least  2  feet  outside  of  the  ties,  and  great 
care  is  taken  that  the  slopes  are  uniform  and  continuous.    The  ties  are 
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usually  9  feet  feet  long  by  5  or  6  inches  thick  and  at  least  10  inches  wide. 
Baltic  fir  is  generally  used. 

The  cuts  tbrongh  which  the  Austrian  railways  pass  are  sloped  evenly 
and  tarfed,  and  the  embankments  are  also  turfed  or  paved.  When  turfed, 
the  employes  keep  the  grass  cat  to  prevent  fires.  When  the  cuts  are 
of  qnicksand  or  of  a  treacherous  nature  and  danger  of  land-slides  exist, 
cross-hedges  are  planted  so  that  the  roots  shall  take  hold  of  the  soil  and 
keep  the  surface  from  sliding  down  and  filling  the  trenches.  Sometimes 
the  cuts  have  paved  gutters,  at  intervals  of  50  to  100  feet,  to  conduct  the 
water  coming  down  the  face  of  the  cut  to  the  trenches.  At  considerable 
altitudes,  when  obstructions  by  snow  are  anticipated,  rows  of  trees  are 
planted  at  the  top  on  either  side  of  the  cuts. 

46.  In  exhibit  152  of  group  18,  in  the  German  department,  was  shown 
a  continuous  cast-iron  railway-tie,  to  be  laid  lengthwise  the  track,  with 
the  rail  placed  upon  the  tie,  and  four  iron  bolts  extending  through  from 
one  rail  to  the  other.  The  tie  was  12  inches  wide  and  of  iron  three- 
eighths  of  an  inch  thick,  and  bolted  to  the  rail  every  2  feet.  Great  dura- 
bility and  economy  was  claimed  for  this  device. 

The  Southern  Railway,  extending,  between  Vienna  and  Trieste,  has 
larger  viaducts  and  a  greater  proportion  of  embankments  paved  with 
stone  than  «ny  other  that  we  found. 

The  railways  of  Austria  have  swing  or  lift  gates  at  all  road-crossings 
where  viaducts  are  not  practicable. 

The  North  Railway  Station  at  Vienna,  as  illustrated  in  Fig.  21,  is 
one  of  the  large  stations  at  that  city.  It  is,  perhaps,  as  complete  as  any, 
and  is  located  at  the  Prater-Stem,  at  the  main  entrance  of  the  Prater. 
It  has  six  tracks,  under  an  iron  and  glass  roof,  between  the  main  build- 
ings. The  bnildings  on  either  side  of  the  main  tracks  are  built  in  the 
Norman  style  of  architecture,  varying  from  three  to  five  stories  in 
height,  are  of  brick,  and  look  like  a  castle,  as  seen  from  the  out-side. 

The  department  for  baggage,  the  waiting-rooms,  and  the  restauration 
arrangements  are  well  arranged  within  the  buildings  next  the  street. 
The  corresponding  building,  across  the  tracks,  is  occupied  by  the 
general  offices  of  the  company,  and  behind  it  is  the  freight  department. 
This  railway,  as  well  as  several  other  of  the  main  lines,  have,  as  one  of 
its  principal  features,  an  Emperor's  suite  of  rooms,  consisting  of  a  re- 
ception-room, (Fig.  22,)  ante-room,  and  cabinet  or  closet  arrangements. 
It  is  decorated  and  furnished  beautifully,  and  has  handsome  carpets. 
When  the  imperial  family  arrive  or  depart,  a  carpet  is  stretched  from 
the  cars  to  this  suite  of  rooms,  and  from  the  rooms  to  the  carriages. 

47.  One  of  the  most  interesting  modifications  of  railway  switches 
was  exhibited  in  the  British  section  by  Messrs.  Saxby  &  Farmer,  who 
showed  a  very  elaborate  model  of  their  safety-switches  and  signals.  An 
operator  is  located  in  the  upper  story  of  a  building,  which  is  usually 
about  8  feet  wide  and  as  long  as  required  for  the  number  of  switches  to 
be  controlled.    The  building  has  windows  on  all  sides.    Upright  levers, 
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resembling  locomotive  reversing-levers,  are  here  placed  aloug  the  center 
line  of  the  rootu.  Beneath  the  floor  are  weights  and  coanter  weights, 
and  the  heavy  rods  and  wire  cords  that  connect  with  the  various  signals 
and  switches  which  are  operated  from  this  pointy  and  which  extend 
frequently  a  half  mile  on  either  side  of  the  signal-station.  The  levers 
are  all  numbered,  and  each  one  bears  the  numbers  of  all  other  levers 
which  must  be.  moved  before  it  can  be  itself  moved.  The  lever  moves 
the  signal  for  the  switch  before  the  switch  is  changed.  The  operator 
has  a  chart  of  all  the  switches,  signals,  and  tracks  on  the  wall  before 
him,  and  in  addition  he  has  a  telegraphic  chart  immediately  before  him 
which  shows  the  present  location  of  all  approaching  trains.  A  black 
lever  moves  the  switch-points  by  a  line  of  positive  connection  of  bell 
cranks  and  rods  connecting  with  a  bar  between  the  two  points  ;  a  blue 
lever  governs  the  locking-mechanism  which  holds  the  latter  in  place. 
A  similar  line  of  connections  leads  to  a  long  pivoted  plate,  lying  beside 
one  rail  which,  when  the  lever  is  changed,  rises  up  like  one  side  of  a 
parallel  ruler,  above  and  to  one  side  of  the  rail,  and  then  swings  over 
to  its  new  position.  The  plate  connects  with  a  three-way  crank,  and 
the  latter  with  bolts  which  shoot  into  the  cross-piece  between  the 
points.  The  car-wheels  prevent  the  possibility  of  the  plate  swinging 
over  during  the  passage  of  a  train.  Red  and  green  levers  manage  the 
home  and  green  signals,  and,  by  suitable  wire  cords,  either  turn  the 
lights  by  night  or  lower  the  semaphore  arms  by  day. 

We  had  witnessed  the  operation  of  this  ingenious  mechanism  in  Man. 
Chester  and  in  London,  England,  where  one  man  controlled,  in  the 
former  place,  about  fifty  signals  and  switches,  and  in  the  latter  place 
over  a  hundred.  The  manipulations  were  at  the  rate  of  thirty  signals 
and  switches  (with  all  their  points)  per  minute.  It  was  all  done  with 
such  perfect  precision  that  it  seemed  almost  impossible  that  an  acci- 
dent should  occur.  This  subject  is  well  worth  the  consideration  of  the 
railway  managers  of  America. 

48.  The  Austrian  signal-service  was  adopted  by  a  congress  of  railway 
officials  in  October,  1872,  and  is  most  complete  in  its  operations 
both  by  day  and  night.  Observation-houses,  in  which  sentinels  are 
stationed,  are  built  on  every  mile,  and  oftener  when  many  curves  occur, 
and  no  train  is  allowed  to  pass  one  of  these  stations  unless  the  track  is 
clear  for  one  mile  ahead,  the  information  being  communicated  by  tele- 
graph. Very  complete  books  of  explanation  and  instruction  are  pub- 
lished by  each  company  for  the  guidance  of  all  employ^^s.  There 
are  two  kinds  of  signals  in  general  use,  one  called  the  visible,  or  optical, 
and  one  called  the  audible,  signals.  During  the  day-time  the  hand  sig- 
nal-flag (Fig.  23)  is  usually  used ;  sometimes,  however,  the  hand  signal- 
disk  (Fig.  24)  is  used.  The  lantern  is  used  in  the  evening.  Figs.  23, 
24,  25,  26,  and  27  are  used  to  stop  trains.  In  addition  to  the  above, 
the  disks  in  the  day-time  and  red  lanterns  in  the  night  are  sometimes 
placed  in  the  center  of  the  track,  the  disk  standing  at  right  angles  with 


RAILBOAD-SIGNALS.  25 

the  track.  To  slacken  speed,  the  signal-man  holds  oat  a  red  flag  hori- 
zoDtalljf  facing  the  train,  as  in  Fig.  28;  or  he  holds  out  the  hand  signal- 
disk,  turning  its  surface  toward  the  train  .but  outside  of  the  track,  as 
shown  in  Fig.  29 ;  or  he  plants  the  disk  in  the  ground,  at  the  saiu^^ 
place  and  in  the  same  position  as  held  above.  He  uses  the  green  lantern 
in  the  night  in  the  same  manner  as  in  Fig.  31.  In  the  absence  of  any  flag 
the  arms  are  extended  facing  the  approaching  train,  as  shown  in  Fig. 
30.  Sound-boxes,  or  torpedoes,  are  placed  on  the  track  in  the  night 
when  no  lantern  is  at  hand.  When  the  road  is  free  and  clear,  the  sig- 
Dal-man  faces  the  track  with  the  red  flag  wound  on  the  pole  or  staff, 
(Fig.  32,)  or  the  red  signal-disk  is  held  facing  the  track,  (Fig.  33.)  In  the 
night,  the  white  lantern  is  held  against  the  train,  as  in  Fig.  34. 

Fig.  35  represents  the  signal-post  with  its  arm  extended  upward  at 
au  angle  of  45^,  which  signifies  that  the  road  is  clear.  When  the  sig- 
nal-post, (Fig.  36,)  is  used  for  signaling  trains  to  stop,  the  arm  is  placed 
in  a  horizontal  position  at  right  angles  to  the  track.  For  slackening 
speed,  the  arm  of  the  signal-post  is  depressed  at  an  angle  of  45^  and  at 
right  angles  with  the  track. 

In  Fig.  36  is  shown  the  changing  illuDjinated  signal  which  is  attached 
to  switches.  The  same  colors  and  movements  of  the  signals  answer  for 
the  day-time. 

A  similar  system  of  train-signals  for  the  movement  of  all  trains,  and 
the  disks  and  other  signals,  are  placed  before  or  on  the  locomotive  and 
on  the  rear  end  of  the  rear  car  of  each  train.  Another  kind  of  visible 
signals  is  called  the  optical  telegraph,  consisting  of  signal-posts  with 
movable  baskets  with  cross  and  flat  disks  and  arms.  The  baskets  are 
placed  in  position  as  required  by  the  rules  of  the  company.  Figs.  37, 
38, 39,  40,  41,  42,  and  43  are  the  principal  positions  of  the  baskets.  In 
the  night,  lanterns  are  placed  in  the  baskets  and  a  similar  system  is 
used. 

The  audible  signals  are :  Sound-boxes ;  steam-whistle  of  the  locomo. 
tive;  signal- whistle^  signal-trumpet;  station-lock;  electric  clock-work ; 
electric  signals. 

The  electric  signals  are  perfectly  arranged,  and  under  the  control  of 
one  person  at  headquarters,  and  are  connected  with  every  signal-station 
on  the  line.  Each  signal-man  has  a  key,  and,  even  when  not  a  telegraph- 
operator,  he  reports  to  headquarters  by  taps  the  position  or  passage 
of  trains  at  his  station,  and  receives  orders  in  the  same  way.  The  pos- 
sibility of  two  trains  trying  to  pass  each  other  on  the  same  track,  as  is 
attempted  sometimes  in  this  country,  cannot  occur. 

49.  Conclusion. — In  conclusion,  the  International  Exhibition  at  Vien- 
na, in  1873,  was  a  grand  success.  In  its  great  advancement  of  art  and 
Bcieoce,  and  in  the  benefits  accruing  from  it  to  each  nation  taking  part, 
it  has  met  all  reasonable  expectations.  To  none  were  the  benefits  so 
great  as  to  the  Austrian  nation.  Many  claimed  it  to  be  a  failure  be- 
cause the  receipts  at  the  gates  were  not  equal,  by  about  $4,000,000,  to 
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the  cost  of  construction  and  management.  This  was  not  the  case. 
Several  times  that  amonnt  was  left  in  the  empire  by  foreigners  daring 
that  year,  and  business  connections  were  consummated  which  insured 
that,  even  as  a  matter  of  dollars,  no  loss  was  sustained.  The  education 
of  the  people  of  the  empire,  who  literally  poured  into  Vienna  by  excur- 
sion-trains, was  worth  all  that  the  exhibition  cost  the  Austrian  govern- 
ment. The  Austrian  officials,  it  is  a  pleasure  as  well  as  a  duty  to  add, 
were  untiring  in  their  courteous  attentions  to  foreign  representatives, 
and  DO  request  was  made  to  them  that  was  not  granted. 
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CHAPTER    I. 


HISTORICAL  SKETCH  OF  THE  VIENNA  SYSTEM  OF  DWELLINGS. 

Vienna,  rra  size  and  location  ;  Origin  of  apartmbnt-houses  j  Size  ;  Extension  op 
THE  CITY  IN  1858;  Its  previous  slow  growth  ;  Origin  of  the  zins  or  rented 
house;  Arrangement;  Development  of  present  system  ;  Apartment-houses, 

THEIR  arrangement  j  EXAMPLES. 

1.  To  fully  elacidate  the  subject  of  this  report  on  "private  dwellings,'' 
W6  give  a  brief  historical  sketch,  showing  the  origin  of  this  class  of 
dwellings,  and  the  causes  which  gave  them  the  peculiar  and  distinctive 
features  of  their  present  form,  as  habitations  for  the  large  majority  of 
the  people  of  this  city — Vienna. 

The  capital  of  the  Aastrian  Empire  is  situated  in  the  vast  valley 
called  the  March-field,  on  the  banks  of  the  Danube.  It  was  known 
already  as  a  Eoman  city  in  the  second  century,  and  was  adopted  by  the 
Hapsburg  family  as  their  residence  A.  D.  1276.  The  city  has  remained  in 
their  possession  to  the  present  day.  It  now  contains,  in  round  num- 
bers, 1,000,000  inhabitants,  and  is  over  twelve  English  miles  in  circum- 
ference. Up  to  the  year  1859,  the  city  proper  was  small,  and  was  sur 
roanded  by  high  and  formidable  walls,  encircled  by  a  deep  moat,  over 
which  twelve  bridges  gave  access  to  the  inner  or  old  town,  around  which 
grew  up  gradually  thirty-four  new  districts  or  suburbs. 

2.  The  inner  city  was  mostly  occupied  by  the  palaces  of  the  nobility, 
and  by  large  ancient  buildings,  subdivided  and  used  for  lodgings  or  so- 
called  "  apartment-houses."  They  were  not  generally  (or  were  only  im- 
perfectly) suited  to  that  purpose.  The  same  plan  was  used,  but  in  a 
more  hamble  and  cheaper  way,  and  on  a  smaller  scale,  in  the  suburbs  of 
later  date. 

3.  iSome  conception  of  the  magnitude  of  those  old  structures  used  as 
"apartment-houses"  may  be  formed  from  the  fact  that  several  of  them, 
which  are  still  existing,  and  used  for  the  same  purpose,  contain  each 
from  ten  to  twelve  diflPerent  large  interior  court-yards,  and  a  much  larger 
Dumber  of  staircases.  Such  are  the  so-called  "Burger  Hospital,"  in  the 
inner  city,  near  the  new  opera-house,  the  Drahtner  Court,  and  the  Count 
von  Stahremberg  mansion,  in  one  of  the  suburbs,  said  to  contain  each 
from  1,500  to  2,000  inhabitants.  Many  of  these  old  buildings  are  from 
six  to  seven  stories  in  height  above,  and  generally  two  cellars  in  depth 
under  ground. 

4.  Since  the  demolition. of  the  old  fortifications  in  1858,  the  filling  up 
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an  inclosed  vestibule,  or  ante-room,  giving  access  to  the  kitchen,  and  to 
at  least  one  living-room.  This  should  also  afford  access  to  the  water- 
closet  and  pantry,  all  well-lighted  and  ventilated.  In  connection  with 
the  kitchen  should  be  a  servants'  room,  which  ought  to  communicate 
with  a  chamber  and  nursery. 

Plate  lY  represents  the  details  of  the  ground  and  first  floor  of  such 
an  apartment-house,  which,  at  the  same  time,  forms  a  group-building  be- 
longing to  four  different  owners,  fronting  on  three  streets,  and  facing 
on  the  main  street  132  feet,  with  a  depth  of  174  feet  on  the  side  streets, 
with  four  separate  entrances  or  carriage-ways,  each  8^  feet  in  width, 
and  leading  to  a  very  ornate  grand  common  court-yard  of  64  feet  in 
length,  and  38  feet  in  width.  There  are,  besides,  several  smaller  courts 
one  for  the  use  of  each  building,  with  a  large  fire-proof  stair-case  of  6 
feet  width  of  steps  for  each.  The  general  arrangement  and  uses  of  each 
set  of  apartments  will  be  seen  in  Plate  V,  (A-H.) 

The  ground-floor  is  occupied  by  offices  and  reception-rooms,  the  first 
floor  by  the  living-rooms  of  the  owners,  and  the  third  floor  only  by  one 
separate  tenant. 

10.  Before  proceeding  further  with  the  description  of  the  development 
of  the  dwelling,  from  its  simplest  to  its  most  expanded  and  ornate  form, 
we  must  take  note  of  a  peculiar  local  feature  in  the  configuration  of  the 
main  business  sti*eets  of  the  city,  in  regard  to  their  influence  on  the  ar- 
rangements and  construction  of  these  buildings.  Where  broad  main, 
streets  lead  from  the  circumference  of  the  outer  districts  to  the  inner, 
or  old  city,  the  ground-floor  of  a  dwelling  on  such  a  street  is  generally 
devoted  to  business-purposes,  while  in  the  less  frequented  side  streets 
that  floor  is  used  for  inferior  lodgings,  work-rooms,  or  shops. 

11.  The  first  floor  above  the  ground  {ebener  erde — even  with  the 
ground)  is  called  tbe  ground-floor,  or  parterre^  and  what  with  us  in  Amer. 
ica  is  called  the  second  floor  is  with  them  the  first  floor,  also  called 
^^helle  etdge,^  or  "best  floor."  In  many  of  the  buildings  of  greater  pre- 
tensions, a  lower  or  intermediate  story  interposes  between  the  ground 
and  principal  floors,  and  is  here  called  a  ^^mezzanine^^  an  Italian  term, 
corresponding  in  meaning  to  the  French  ^^  entresol,^  This  is  generally 
used  for  domestics'  lodgings  and  other  purposes.  The  section  immedi- 
ately below  the  ground-floor  is  called  ^^souterrain^^  or  sub-cellar,  and  in  it 
are  generally  the  stables  of  the  larger  and  more  pretentious  town-houses 
when  devised  as  apartment-houses.  It  is  accessible  by  convenient  in- 
clined planes,  called  ^^rampe,'^  for  the  descent  of  the  horses.  Below  this 
sub-cellar  is  frequently  the  cellar  proper,  for  fuel,  wines,  &c.  The  place 
directly  under  the  roof,  with  us  called  garret,  is  never  allowed  to  be 
inhabited,  in  accordance  with  the  existing  building-laws. 

12.  The  reader  of  this  description  of  the  '^apartment-house,"  as  the 
principal  dwelling-pl^Ge  of  the  population  of  Vienna,  must  not  confound 
it  with  what  is  familiarly  known  to  us  under  the  name  of  tenement-houses. 
The  so-called  apartment-house  in  Vienna  is  the  house  of  the  majority  of 
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every  class  and  condition,  from  the  poor  student  or  clerk  to  tbe  trades- 
man and  merchant,  or  to  the  highest  nobility'  of  talent,  industry,  wealth, 
or  title.  As  au  enthusiastic  admirer  of  the  system  expressed  himself, 
l)erhaps  sarcastically,  "No  city  in  the  world  is  better  calculated  for  life 
jQ  lodgings  than  Yienna,  as  all  the  necessaries  are  abundantly  provided 
out  of  doors." 

13.  A  fine  example  of  a  first-class  apartment-house  is  represented  by 
Plate  YI,  in  which  A  represents  the  first  floor  and  B  the  plan  for  the  sec- 
oud  and  third  floors.  This  building  has  street-lights  only  from  two  sides ; 
the  remainder  is  lighted  from  the  courts.  It  shows  an  example  of  a 
dwelling  in  which  the  ground-floor  is  occupied  by  oflBices,  stables,  car- 
riage-houses. The  first  or  principal  floor  is  wholly  occupied  by  the  owner 
of  the  building.  It  has  a  semicircular  private  stairway  and  a  large  main 
stairway  which  leads  to  the  upper  stories.  The  accommodations  in  the 
owner's  dwelling,  on  the  first  floor,  are  ver^^  extensive,  consisting  of 
ealioary  and  domestics'  apartments,  pantries,  and  store-houses,  four 
water-closets,  bath  and  dressing  rooms,  ante-room,  teachers'  and  govern- 
ess's rooms,  nursery,  library,  boudoir,  reception  and  card  rooms,  parlors, 
diDing-room«  and  billiard-room.  The  second  and  third  floors  are  each 
arranged  in  three  convenient  sets  of  apartments,  containing,  respectively, 
fonr,  twelve,  and  eight  rooms  per  set.  This  building  is  sometimes  called 
a^^palais,"  the  word,  nevertheless,  not  meaning  strictly  palace;  it  is  a 
sort  of  diminutive  of  the  latter  term,  which  they  only  apply  to  such 
buildings  (whatever  n\ay  be  their  size)  as  are  not  strictly  "apartment- 
boases,^  bat  are  occupied  only  by  the  owner,  his  servants,  and  imme- 
diate dependents  and  employes. 

Another  example  of  these  first-class  apartment-houses  is  the  so-called 
'•palais"  of  the  banker  Epstein,  Plate  YII,  showing  the  first  floor. 
This  splendid  dwelling,  builton  theCourt  King  in  1871,  contains  in  souter- 
yain  (sub-cellar)  the  stables  of  the  owner,  accommodating  eight  horses, 
and  also  for  the  tenant  on  the  second  floor,  with  room  for  six  horses, 
with  the  necessary  feed  and  harness  rooms,  an  ice-cellar  and  ample 
cellarage  for  fuel  for  all,  and  heating-apparatus  for  the  larger  rooms  of 
the  owner.  On  the  parterre,  or  ground-floor,  are  located  the  ofiices  and 
counting-rooms  of  the  owner,  carriage-house  and  concierges  lodging,  and 
a  spacious  decorated  entrance-drive  to  the  court-yard.  On  the  first,  or 
principal,  floor  are  arranged  the  artistically-decorated  living-rooms  of 
the  proprietor,  with  renaissance  ceilings  in  stucco,  fresco-painting,  and 
gilding  by  skilled  artists,  wallfi  with  scagliola  marbles,  costly  and  taste- 
ful walnut  wainscotings  and  tapestries.  The  walls  of  the  card-room  are 
decorated  with  fine  landscapes.  In  the  lettering  of  the  plan,  A  desig- 
nates the  court-yard  ;  B,  small  open  courts  for  light  and  ventilation  of 
private  stairs,  corridors,  and  water-closets ;  0,  the  rectangular  grand 
stairway,  which  leads  also  to  the  second  floor,  and  is  highly  decorated 
with  variegated  marble,  scagliolas,  and  statuary ;  D,  a  second  semicir- 
Cilar  fire-proof  stair,  which  leads  to  the  second  and  third  floors,  oc- 
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cupied  by  one  tenant  on  the  second,  and  arranged  for  three  sets  of 
apart  ments  on  the  third  floor.  A  small  oval  private  staircase,  E,  leads  to 
the  upper  stories,  and  is  principally  used  by  the  servants.  The  owner's 
lodging  contains,  No.  1,  ante-room ;  No.  2,  teachers'  room ;  No.  3,  sons' 
room  ;  No.  4,  library ;  No.  5,  work-room  or  study  of  the  owner ;  No.  6, 
card-room;  No.  7,  dining-room;  No.  8,  music  or  ball  room;  No.  9,  reception- 
room;  No.  10,  boudoir;  No.  11,  family  chamber;  No.  12,  nursery;  No.  13, 
daughters'  room ;  No.  14,  governess's  room ;  No.  15,  baths;  No.  10,  ward- 
robe; No.  17,Vaiting-maid's  room;  No.  18,  kitchen;  No.  19,  pantry;  No. 
20,  waiting-room  ;  Nos.  21  and  22,  closets ;  No.  23,  winter-garden  or  con- 
servatory ;  and  besides,  three  water-closets.  The  servants'  rooms  are 
located  in  the  entresol,  or  mezzanine. 

14.  Building-group. — It  is  often  the  case  that  quite  a  number  of  other- 
wise distinct  dwellings,  owned  by  different  parties,  are  grouped  together 
in  their  external  architectural  features,  under  one  general  design  and 
style,  for  the  sake  of  producing  a  grand  effect  by  a  combination  of 
masses,  which  could  not  be  as  well  accomplished  otherwise.  This  is  an 
effectual,  and  also  an  economical,  means  of  attaining  this  effect,  as  well 
as  of  combining  the  otherwise  small  courts  of  each  into  one  or  more 
larger  court-yards.  It  is  better  for  light  and  ventilation,  for,  as  a  rule, 
only  the  inferior  rooms,  corridors,  kitchens,  &c.,  are  located  on  those 
courts,  unless  the  latter  are  very  large  and  ornamental. 

15.  One  of  the  grandest  examples  of  this  kind  is  presented  by  the 
building,  Plate  VllI,  called  ''Henry's  Court,"  on  the  Opera  Eiug.  It 
consists  virtually  of  three  separate  apartment-houses,  combined  under 
one  design  and  fa9ade.  The  buildings  occupy  a  whole  square  of  310 
feet  length,  and  150  feet  in  depth,  bounded  by  four  streets.  The  cen- 
tral building  forms  a  projection  on  the  plan,  and  is  one  story  higher 
than  the  side  or  end  buildings,  and  rises  like  a  tower  above  the  rest.  The 
facade  of  the  parterre  and  mezzanine  are  treated  as  a  grand  rustic  sub- 
base  or  dado.  The  windows  of  the  first  and  second  floors  are  coupled  in 
connecting  groups,  and  the  third  story  is  treated  with  pilastered  win- 
dows and  intermediate  connecting  panels,  painted  in  rich  frescos  on  gold 
ground.  Architectural  decorations  and  statues  are  executed  in  terra- 
cotta with  excellent  taste.  The  whole  forms  a  magnificent  apartment- 
dwelling. 

Plate  IX  represents  the  plan  of  the  principal  or  first  floor  of.  another 
such  group  of  buildings,  on  a  very  irregularly-shaped  piece  of  ground, 
two  sides  and  a  corner  facing  on  streets.  It  was  built  by  the  Union 
Building  Association.  The  effective  fa9ade  is  treated  in  the  French 
renaissance  style.  The  ground-floor  contains  stores  and  restaurants; 
the  four  upper  stories  are  each  divided  into  four  large  and  convenient 
apartment-lodgings.    This  building  has  just  been  finished. 


CHAPTER    II. 


CONSTRUCTION  AND  EMBELLISHMENT  OF  DWELLINGS. 

VlESXESE  BUmDING-MATERIALS ;   StONE  BUILDINGS  RARE,  BRICK  BUILDINGS  COMMON; 

Method  op  plastering  ceilings  ;  Quality  of  limes  and  cements  ;  Building- 
laws;  Floors,  ceilings,  and  details;  Precautions  against  fire;  Self-center- 
ing ARCHES. 

16.  Having  thus  fully  illustrated  tbe  origin  and  development  of*  the 
present  system  of  dwellings  in  Vienna,  both  in  its  simplest  and  most 
expanded  and  ornate  design,  we  will  next  examine  the  methods  of  con- 
straction  and  embellishment.  The  materials  used  in  construction  first 
deserve  consideration ;  Vienna  is  extraordinarily  well  favored  in  regard 
to  the  abundance  in  the  vicinity  of  a  variety,  and  of  superior  qualities,  and 
also  by  extensive  land  and  water  communications  with  the  neighboring 
provinces.  Of  ordinary  hard  quarry-stones  for  foundations  there  is  an 
excellent  and  abundant  supply  in  the  vicinity.  Of  superior  sandstones, 
soft  and  of  middling  and  of  hardest  qualities,  generally  of  a  light-yel- 
low or  pale-buflF  color,  much  resembling  the  French  Caen  stone,  there 
are  sixteen  different  varieties  used  here.  The  Vienna  and  Emperor's 
sandstone,  the  Magarieth  and  Loretto  are  favorites,  and  are  extensively 
nsed  for  external  window  and  door  dressings,  ashlar  facings  of  walls, 
and  ornamental  cut-stone  work  in  general.  The  harder  kinds  are  gen- 
erally used  for  steps  and  platforms  of  interior  stairs,  corridors,  and 
bases  of  the  buildings.  For  monumental  works,  columns,  &c.,  granite 
as  we'll  as  marbles  from  Karst,  Untersberg,  Salzburg,  and  Silesia,  and 
variegated  Hungarian  and  Bohemian  marbles  are  used. 

17,  Solid  sandstone  constructions,  except  for  Gothic  churches,  are, 
however,  rarely  used.  Only  facings  of  stone  for  public  buildings,  and 
the  more  costly  palaces  and  dwellings,  are  employed.  Of  entire  marble 
facades  there  are  very  few  in  Vienna.  The  favorite  and  almost  univer- 
sal building-material  is  brick  of  superior  quality  and  hardness,  which  is 
produced  in  immense  quantities  in  the  immediate  surroundings  of  the 
city.  Externally  the  walls  are  covered  with  a  superior  qoality  of  mor- 
tar, made  of  the  celebrated  Kuffstein  or  other  hydraulic  cement  mixed 
with  sharp  river-sand.  This  mortar  acquires  fully  the  hardness  of  the 
sandstones,  and  is  not  only  used  in  plain  surfaces,  but  all  their  coruices, 
window,  door,  and  other  architectural  decorations  and  features,  are 
worked  out  with  surprising  accuracy,  strength,  and  beauty  by  their 
skilled  masons  in  that  material.  To  illustrate  this  use  of  cement  a  view, 
taken  from  a  photograph,  is  annexed  of  the  front  of  a  new  dwelling 
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on  th«  Ring  street,  (Plate  X,)  the  whole  of  which  is  done  in  this  hydraulic 
mortar.  The  more  florid  ornaments,  capitals  of  columns  and  pilasters, 
&c.,  are  cast  in  cement  and  terra-cotta,  and  the  whole  is  colored  a  pleas- 
ant and  uniform  light-buff  color,  resembling  stone.  The  masons  build 
both  the  stone  and  brick  walls,  turn  all  the  arches,  and  do  all  this  exter- 
nal plastering  or  cement  stucco  and  coloring. 

18.  The  interior  stucco-work,  or  plastering  of  walls  and  ceiling,  is 
done  by  the  regular  plasterer.  In  this  connection,  one  peculiarity  in  the 
mode  of  plastering  their  ceilings  deserves  special  notice.  Their  ceilings, 
and  also  the  floor-joists  of  their  solid  timber  floors,  where  the  beams  lie 
close  to  each  other,  side  by  side,  do  not  admit  of  lathing  for  plastering 
as  in  our  dwellings. 

They  adopt  the  following  method :  Stout  lathing-nails  with  rather 
large  flat  heads  are  driven  flrst  partially  (say  half  way)  into  the  ceiling- 
joists  at  distances  of  seven,  eight,  or  nine  inches  apart,  as  flrst,  second, 
or  third  quality  work  may  be  desired,  forming  regular  squares.    The 
uniform  spacing  of  the  nails  is  quickly  and  accurately  done  by  marks  or 
notches  cut  on  the  handles  of  the  small  hatchets  with  which  they  drive 
them,  and  they  range  them  by  the  eye.    On  these  nails,  just  above  the 
heads,  stout  copper  wire  (also  of  a  size  according  to  the  quality  of  the 
work)  is  loosely  stretched  by  giving  the  wire  one  turn  around  each,  and 
in  a  direction  crosswise  of  the  ceiling-beams,  thus  forming  a  loose  wire 
netting  hanging  down  from  the  ceiling  from  three-fourths  of  an  inch  to 
one  inch.    Instead  of  laths  they  use  reeds  or  small  canes.    These  reeds 
come  in  bundles  of  about  twelve  to  flfteen  inches  in  diameter,  and  six  to 
seven  feet  in  length ;  none  of  the  reeds  must  exceed  three-quarters  of  an 
inch  in  diameter  at  the  thickest  end.    The  extremely  thin  ends  are  cut 
off,  so  as  to  have  none  less  than  one-quarter  inch  in  thickness  at  the 
smallest  end.    They  are  introduced  between  the  wires,  at  such  distances 
from  each  other  as  to  afford  a  proper  key  between  them  for  mortar. 
They  are  also  reversed  between  alternate  squares,  so  as  to  have  tho  ends 
of  one  pushed  in  and  overlapped  between  the  thicker  ends  of  the  other 
square,  thus  equalizing  the  thickness.    After  this  the  nails  are  driven 
moderately  well  homej  without  forcing  the  wires  into  the  reeds,  so  as  to 
injuriously  bruise  or  cut  them,    ^ext,  rich  tenacious  plastering  mortar 
\s  flung  on  them  with  a  scoop-trowel  and  then  finished  in   two  or  three 
coat  work,  as  with  us,  or  as  the  nature  or  finish  of  the  work  required* 
The  interstices  between  the  faces  of  the  reeds  and  their  round  shape  form 
a  frequent  and  excellent  key  or  holdfast  for  the  mortar.    The  reeds  are 
also  seasoned  before  being  used. 

19.  The  sand  used  for  building,  both  pit  and  river  sand,  is  of  supe- 
rior quality,  as  also  are  their  common  and  hydraulic  limes  and  cements. 
The  bricks  of  all  manufacturers  are  of  the  standard  size  of  11  inches  in 
length,  5^  inches  in  width,  and  2^  inches  in  thickness.  Of  woods, 
both  for  building  and  ornameutAl  purposes,  they  have  an  abundant 
supply  from  the  forests  of  the  various  provinces.    They  are  generally 
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tniD8i)orted  by  water.  The  hard  woods  of  Hangary,  sach  as  oak,  ash, 
and  walnut,  are  particalarly  rich  and  valuable.  Iron  has  been  brought 
ioto  use  in  the  construction  of  buildings  of  late  years,  and  is  employed 
principally  for  girders  and  beams.  Some  roofs  and  stairs  of  public 
buildings,  conservatories,  and  many  bridges,  both  oix  the  arch  and  sus- 
pension principles,  are  built  in  iron,  but  buildings  entirely  of  iron  have 
not  been  introduced  here  as  yet,  although  they  have  an  abundance  of 
superior  quality  throughout  the  empire. 

20.  Besides  the  excellent  quality  of  the  limes  and  sand  they  employ 
for  their  mortars,  their  treatment  in  mixing  and  using  them  is  worthy 
of  notice  and  of  imitation.  Their  first  proceeding  toward  the  erection 
of  a  new  building  is  the  digging  of  large  pits,  say  eight  to  ten  feet 
square,  and  of  about  the  same  depth.  If  the  ground  should  be  too  looi^e 
or  porous,  they  surround  or  case  them  with  light  brick  walls. 

The  lime  is  carefully  slaked. in  a  large  trough  supplied  with  a  small 
gate  and  a  tolerably  fine-meshed  wire  screen  at  one  end,  immediately 
above  the  lime-pit,  and  as  each  trough-full  is  thoroughly  slaked  and 
agitated,  and  brought  to  a  uniform  degree  of  fluidity,  it  is  drawn  off 
iuto  the  lime-pit.  The  operation  is  repeated  until,  one  after  the  other, 
these  pits  are  filled.  The  number  of  lime-pits  thus  filled,  and  the  quan- 
tity prepared,  is  generally  such  as  to  furnish  from  four  to  six  months' 
supply  for  the  building ;  and  as  one  is  emptied  it  is  freshly  filled  until 
its  turn,  at  the  proper  interval  of  time,  comes  again  for  use.  This  fluid 
slaked  lime,  originally  of  the  consistency  of  thick  cream  or  molasses, 
will  cool  off,  settle,  and  consolidate,  in  the  course  of  several  weeks,  to 
about  the  consistency  of  soft  butter  or  paste,  and  the  water  separating 
from  it  daring  its  partial  consolidation,  and  standing  to  the  depth  of 
several  inches  on  top,  will  keep  it  good  for  months,  or  even  a  year  or 
more,  in  the  proper  pasty  consistency,  ready  to  be  mixed  with  the  sand 
when  required  to  be  used  for  making  into  mortar.  If  the  lime  remains 
an  unusually  long  time  ia  the  pit,  and  absorbs  all  its  own  water,  more 
is  poured  on  to  keep  it  in  its  pasty  condition  ;  for  when  it  once  hardens, 
it  is  no  more  fit  for  use  than  plaster  of  Paris  after  it  has  set.  When  the 
lime  is  wanted  for  mixing  into  mortar,  it  is  lifted  out  of  the  pit  by  a 
long-haudled  broad  hoe  and  put  into  the  mortar-mixing  trough  with  the 
proper  measured  proportion  of  sand  and  of  water  to  thoroughly  reduce 
it  to  a  semi-fluid  condition.  It  is  carried  in  round  flat  tubs  or  buckets  to  ' 
the  workmen,  who  are  supplied  with  small  deep  troughs  holding  about 
the  quantity  of  a  good-sized  barrel.  The  mortar  is  used  in  so  fluid  a 
state  (almost  what  we  here  technically  call  "  grout")  that  it  could  not 
be  taken  up  on  our  ordinary  trowel.  There  the  masons  use  large  concave 
trowels,  shaped  somewhat  like  sugar-scoops.  A  superior  and  skilled 
laborer,  called  a  mortar-mixer,  is  employed  in  the  preparation  of  the 
mortar. 

21.  This  system  of  slaking  and  cleaning  the  lime  by  running  it  through 
a  wire  sieve,  and  mixing  it  thoroughly  with  a  proper  proportion  of  sharp 
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clean  sand,  and  then  applying  it  in  this  semi-flaid  state,  has  much  to  do 
with  the  superior  qaality  of  their  mortar,  and  consequently  with  the 
strength  of  their  walls  and  the  darability  of  their  exterior  coating. 
Their  bricks  being  rough,  well  bedded,  and  rubbed  or  hammered  down 
into  this  soft  mortar,  filling  up  all  the  vertical  interior  joints  of  the 
brick- work,  it  gives  all  the  strength  and  solidity  of  ^'  grouted "  walls, 
while  at  the- same  time  the  mason  is  not  allowed  to  bring  the  mortar 
either  on  the  bed.  or  the  vertical  joint,  nearer  than  within  half  an  inch 
of  the  face  of  the  wall.  This  is  required  to  give  a  proper  hold  or  key  to 
the  mortar  when  both  the  exterior  and  interior  rough-cast  plaster  coat- 
ing is  put  on  in  the  finishing  of  the  building.  Some  buildings,  as  the 
new  arsenal,  some  railway-stations,  and  a  few  churches,  are  finished 
with  face  brick.  Sometimes  they  are  of  various  colors,  such  as  pale 
red,  gray,  or  buff;  or  they  are  dark,  and  dressed  off  with  teiTa-cotta  panels 
and  other  embellishments,  as  sandstone  window-trimmings,  bands,  and 
bases. 

22.  The  construction  of  dwellings  is  in  many  respects  so  guarded,  and 
regulated  by  numerous  regulations  and  strict  building-laws,  that  the 
latter  give  a  certain  uniformity  to  the  former,  and  in  describing  their 
construction  we  almost  quote  the  law.  Thus  they  require  that  the  main 
walls,  front  and  rear,  should  not  be  less  than  18  inches  for  the  last  or 
topmost  story  of  the  building,  and  as  now  no  building  is  permitted  to  be 
more  than  four  stories  in  height  above  the  ground  floor,  or  thirteen  fath- 
oms, 78  feet,  from  the  top  of  the  cornice  to  the  sidewalk,  they  permit  the 
walls  for  two  stories  down  to  be  made  the  same  thickness,  while  they 
are  to  increase  in  thickness  by  the  width  of  one  brick,  six  inches,  and 
below  that  as  follows :  From  the  top  down,  18  inches  for  fourth  and 
third  stories ;  2  feet  for  second  and  first  floors ;  2^  feet  for  the  ground 
floor,  and  at  least  3  feet  thickness,  as  prescribed  by  law,  for  the  cellar. 
They  always  have  also  what  is  called  a  middle  wall,  in  which  the  chim- 
ney-flues are  located,  and  as  the  floor-joists  are  to  lie  six  inches  on  the 
wall  on  each  side  of  this  wall,  and  as  the  law  prescribes  that  not  less 
than  one  foot  of  brick- work  shall  intervene  between  the  ends  of  these 
joists,  we  have  two  feet  in  thickness,  except  the  upper  story,  which  may 
be  eighteen  inches.  All  party-walls  must  be  at  least  one  foot  in  thick- 
ness for  each  party.  All  division-walls  between  different  apart  ment 
lodgings  in  the  same  house  must  be  one  brick,  or  twelve  inches ;  interior 
partitions  one-half  brick,  or  six  inches  thick.  While  building,  the  front 
must  be  temporarily  fenced  in  for  six  feet  in  width  outside  the  building- 
line  for  safety  of  passers-by. 

23.  Cellars  under  ground,  containing  stables  and  feed-rooms  or  work- 
shops, must  have  a  brick  arched  ceiling.  Others  may  have  solid  timber 
joists  or  beams,  but  always  4  inehes  depth  of  pugging  or  earth-filling 
(generally  of  old  plastering;  old  mortar-rubbish,  screened,  is  used  for 
that  purpose)  between  the  ceiling-joists  and  flooring.  Their  wooden 
floors  or  ceilings  between  the  stories  are  generally  of  two  kinds,  either 
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of  lloor-joistB  standing  on  edge,  like  ours,  bat  only  12  inches  apart  be- 
tween centers,  or  for  wide  spans  solid  timber  laid  close  together  and 
connected  by  tree-nails,  all  with  4  inches  depth  of  pugging  between 
them  and  the  flooring.  The  latter  kind  (solid  timber)  are  always  used 
in  the  story  immediately  under  the  roof,  as  that  floor  must  be  made  fire- 
proof by  being  paved  with  brick  laid  in  cement 

24.  The  stair- walls,  when  of  brick,  must  run  up  to  the  roof-timbers,  and 
the  entrance  from  the  stair  to  the  roof-space  must  be  secured  by  an  iron 
door,  set  closely  into  stone  jambs.  The  roof-space  is  only  divided  into 
what  we  call  *^  lumber-rooms  "  for  the  various  occupants  of  a  house.  No 
chamber  or  living-room  is  ever  permitted  there  under  any  circumstances. 
Each  chimney-flue  must  have  a  well-secured  double  iron  door,  opening 
under  the  roof  3  feet  above  the  floor,  for  cleaning.  Each  roof  over  45 
feet  in  length  must  have  a  6inch  fire  partition-wall,  with  an  iron  door 
for  access  from  one  space  to  another;  and  the  fire- walls  must  run  at  least 
6  inches  above  the  roof-timber.  The  latter  are  not  permitted  to  connect 
with  each  other  or  rest  upon  this  fire  division-wall.  Each  house  must 
be  supplied  with  water,  either  by  means  of  a  well  in  the  court-yard  or 
by  public  water-works.  TSo  sub-cellar  or  sunk  basement  can  be  inhab- 
ited unless  its  ceiling  is  at  least  4  j  feejb  above  the  sidewalk.  TSo  ground 
or  parterre  floor  shall  be  less  than  6  inches  above  the  pavement.  All 
stairs  and  connecting  corridors  and  halls  giving  access  to  the  various 
tenements  must  be  fire-proof,  either  of  stone,  brick,  or  iron.  Main  stairs 
are  not  to  be  less  than  3^  to  4  feet  in  width,  and  the  steps  must  not  be  less 
than  11  inches  in  width  or  more  than  6  inches  in  height.  Stairs  opening 
on  a  well-hole  must  have  a  guard-railing  of  at  least  3  feet  in  height,  and 
the  top  rail  must  be  guarded  against  a^ccidents  from  children  sliding  dawn 
on  t^em  by  ornamental  knobs  or  projections  placed  every  3  feet  apart 
This  is  a  simple  and  very  efifective  safeguard  against  some  of  those 
dreadful  accidents  which  so  frequently  happen.  The  height  of  any 
story  shall  not  be  less  than  9  feet  in  the  clear. 

25.  The  division- wall  between  chimney-flues  and  any  wood- work  shall 
not  be  less  than  half  a  brick,  or  six  inches ;  and,  in  addition,  a  brick  tile 
on  edge  shall  be  laid  between  the  chimney-wall  and  the  wood-work,  so 
as  to  cover  the  joints  between  the  brick.  The  flues  must  be  well  plas- 
tered, both  inside  and  outside.  Chimney-flues  are  of  two  kinds:  either 
the  wide  flue  for  the  passage  of  chimney-sweeps,  18  inches  square,  or 
the  narrow  or  Russian  flue,  of  not  less  than  six  inches  square  for  one 
fire,  or  six  by  nine  inches  for  two  fires.  Flues  should  be  as  ne^^rly  as 
possible  perpendicafar,  but  should  in  no  case  be  drawn  more  than  at  an  an- 
gle of  sixty  degrees  with  the  horizon.  No  wooden  cornices  are  allowed. 
They  must  be  either  of  stone  or  brick,  or  of  cast  or  galvanized  iron. 
Roofs  must  be  covered  with  tiles, slate,  or  metal,  and  snowboards  must 
be  provided.  Wooden  subpartitions  of  rooms  may  be  used,  if  well 
plastered  on  both  sides,  but  they  are  only  used  in  very  inferior  build- 
ings, and  are  generally  half  a  brick  or  six  inches  in  thickness,  resting 
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ou  a  rolled-iron  beam  where  there  is  no  corresponding  support  below. 
There  should  be  one  water-closet  for  each  tenement,  of  not  less  than  two 
feet  nine  inches  in  width,  with  good  light  and  ventilation,  and  having  a 
large  ventilating-pipe  carried  up  through  the  roof.  Where  public  sew- 
ers pass  through  the  streets,  a  private  sewer  of  brick,  oval  in  shape,  of 
at  least  two  feet  in  width  and  three  and  a  half  feet  in  height,  must  be 
laid  in  cement-mortar  and  connect  with  the  former.  It  should  also  be 
ventilated  by  a  large  pipe  passing  up  above  the  roof. 

26.  ^o  outside  steps  should  project  beyond  the  building-line ;  and  no 
projections  of  bases  or  of  the  fronts  for  architectural  features  or  shop, 
windows  of  stores  should  exceed  nine  inches.  Balconies  and  bay  or 
oriel  windows  should  never  project  more  than  four  feet,  nor  exceed  the 
length  of  one  pier  and  a  window's  width,  nor  be  less  than  nine  feet 
above  ground,  and  nine  feet  in  distance  from  a  neighbor's  house. 
They  should  not  be  placed  in  a  street  of  less  than  forty-eight  feet  in 
width.  A  special  permit  is  required  for  them.  The  kitchen-hearth  should 
be  of  brick  or  stone  for  at  least  2  feet  in  width  outside  the  iire-place. 
Corridors  should  be  not  less  than  4  feet  in  width,  and  made  of  stone  or 
arched  in  brick.  The  windows  are  always  furnished  with  double  sashes, 
and  are  generally  made  in  the  French-casement  style,  opening  like 
folding  doors  at  the  center.  The  outer  ones  in  the  old  style  open  out- 
ward, but  in  consequence  of  the  occurrence  of  many  accidents,  the  new 
law  obliges  them  to  be  made  to  open  inward,  like  the  inner  pair;  and 
this  occasioning  some  inconvenience  in  the  fastening  back  and  in  their 
use,  the  American  sash  or  hoisting  window  has  lately  come  into  use. 
Still  they  are  used  double,  saving  a  large  amount  of  fuel  in  winter  and 
dust  and  heat  in  summer.*  The  doors  are  generally  double  or  folding 
doors,  opening  at  the  center,  one  half  generally  fastened  and  the  other 
free  for  ordinary  use.  They  are  very  convenient,  and  project  thus  much 
less  into  the  room.  In  large  houses  with  very  thick  walls,  the  half  wing 
of  such  a  door  is  generally  covered  by  the  thickness  of  the  wall.  The 
kitchen  floors  are  often  completely  tiled  with  stone,  marble,  or  encaustic 
tiles.  The  floors  of  the  best  rooms  in  most  houses,  both  old  and  new, 
are  laid  with  parquetry  square  tablets  of  hard  variegated  wood,  such 
as  oak,  ash,  walnut,  or  mahogany.  They  are  sometimes  still  further 
enriched  by  inlaying  with  other  costly  woods.  They  are  tongued  and 
grooved  together,  and  laid  on  a  soft  pine  or  blind  floor.  They  are 
waxed  and  polished  frequently  and  quickly  by  regular  polishers,  who 
keep  these  floors  in  order,  receiving  pay  by  the  year. 

27.  Earthenware  or  porcelain  stoves  are  invariably  used  for  heating 
apartments.  The  fire-door' or  heating-place  for  the  best  rooms  generally 
opens  upon  some  outside  corridor,  passage,  kitchen,  or  inferior  room. 
The  stoves  are  frequently  set  diagonally  across  a  corner  of  the  room^ 
and  thus  do  not  take  up  much  space,  large  as  they  are.  They  are  fre- 
quently of  the  size  of  a  book-case,  and  much  higher  than  the  modern 
ones.    They  are  generally  ornate,  and  are  sometimes  of  very  rich  and 

lu  summer,  the  outer  windows  are  frequently  unshipped  and  stored. 
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artistically-decorated  patterns.  They  certainly  give  out  a  very  pleasant 
and  uniform  warmth,  and  when  once  the  fire  is  made  it  lasts  through 
the  day  and  late  into  the  night,  having  all  the  uniformity  of  a  bake- 
oven.  Indeed  these  stoves  somewhat  resemble  the  oven,  as  inside  the 
oater  or  ornamental  shell  there  is  a  heavy  lining  of  brick  and  clay. 
This  is  protected  by  a  grating  against  injury  from  careless  handling  of 
the  fuel.  Through  this  structure  the  flues  wind  around  with  many  turns 
until  the  smoke,  before  reaching  the  chimney,  has  parted  with  all  its 
available  heat.  The  heat  is  retained  for  a  great  length  of  time  by  the 
brick  and  earthenware  of  the  structure.  Thus  there  is  neither  the 
scorching  heat  of  an  iron  stove  nor  the  sudden  fluctuations  and  extrava- 
gant waste  of  an  open  fire-place;  and,  where  fuel  is  as  costly  as  in 
Vienna,  these  stoves  are  valuable  for  their  economy. 

28.  Before  commencing  a  building,  a  permit  must  be  obtained  by 
placing  a  copy  of  the  plans,  sections,  and  elevations  in  the  hands  of  the 
municipal  building-commissioner,  to  be  approved  and  signed  by  him. 
After  these  plans  are  examined  and  approved  as  in  conformity  with  the 
existing  building-laws,  no  deviations  are  allowed  without  special  notice 
to  the  proper  authorities.  The  building  and  the  materials  used  are  con- 
stantly and  strictly  inspected  by  the  inspector  of  buildings,  and  an  i?^ 
junction  is  quickly  served  if  bad  material  is  employed,  the  plan  altered, 
or  any  building-law  infringed.  No  newly -finished  building  can  be  occu- 
pied until  inspected  and  approved  by  the  proper  authorities  as  of  safe 
and  proper  construction,  as  well  as  i>erfectly  dry  and  as  complying  with 
all  sanitary  regulations.  In  matters  of  taste  in  the  external  decoration 
or  design  of  a  front  or  fa9ade  of  a  new  building  the  government  retains 
$apervisiDg  power.  Elevations  are  to  accompany  the  plans,  and,  al- 
though in  regard  to  architectural  style  there  are  no  positive  regulations, 
yet  the  proper  authorities  suppress  or  modify  a  positively  ugly  exterior, 
at  least  in  so  far  as  it  would  ofi'eud  public  taste. 

29.  This  report  on  the  construction  of  the  dwellings  of  Vienna  cannot 
be  more  appropriately  closed  than  by  a  brief  description  of  two  kinds  of 
what  may  be  termed  self  supporting  brick  arches,  which  are  constructed 
la  Vienna  by  the  skilled  masons  without  the  use  of  centering  or  any  tempo- 
rary supports  during  their  constructio7i.  They  are  only  used  in  Austria, 
and  they  show  not  only  the  great  skill  and  dexterity  of  these  ma- 
sons, but  such  a  mechanical  knowledge  applied  to  construction  as  is 
nowhere  else  applied  to  the  same  purpose.  This  construction  of  arch- 
ing self-sustained  during  construction  no  doubt  had  its  origin  years 
ago  under  the  old  building-laws,  which  required  all  of  the  apartments  of  a 
ground-floor  or  parterre  to  be  arched.  As  that  floor  contains  generally 
not  only  lodging-rooms,  but  offices  and  fine  stores,  the  desire  naturally 
arose  to  produce  as  light-looking,  flat,  and  pleasing  an  arch  as  could  be 
safely  constructed  before  iron  beams  and  girders  came  into  use,  avoid- 
ing the  heavy  and  clumsy-looking  barrel  and  gothic  arches  for  low- 
pitched  ceilings,  as  well  as  the  great  expense  of  centering  during  their 

2pd 
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constraction.  There  are  two  kinds  of  these  so-called  ^^  Flatzelgcwolbe^^ — 
flat  self-sustaining  crown-arches.  The  self-suitaining  feature  consists  in 
its  power  of  supporting  itself  during  construction  without  centering. 
One  of  these  arches  is  called  the  '*  Welsh,*  and  the  other  the  "  Bohe- 
mian." Why  Welsh  we  have  not  been  able  to  ascertain,  but  the  "Bo- 
hemian "  arch,  we  have  been  informed,  originated  in  the  kingdom,  now 
the  province,  of  Bohemia,  and  was  originally  designed  and  introduced 
by  the  very  skillful  masons  of  that  country,  who  still  preserve  their 
peculiarities  of  practice,  both  in  Prague  and  in  Vienna. 

Front  and  rear  walls  being  constructed,  and  the  building  in  the  rough 
entirely  put  up  and  roofed  in,  cross- girder  arches,  (called  gurten^)  really 
brick  girders  in  the  place  of  the  present  iron  ones,  are  thrown  across 
the  rooms  to  be  arched.  These  cross- girder  arches  are  generally  two 
bricks  in  width,  and  one  and  a  half  to  two  bricks  in  height  at  the  cen- 
ter. The  footings  or  abutments  are  always  carried  up  with  the  con- 
struction of  the  regular  walls  until  they  project  one  and  a  half  bricks 
beyond  the  inside  face  of  the  walls.  These  cross-gider-arches  are  after- 
ward completed  on  a  regular  centering  of  wood  with  a  groove  of  about  1 J 
inches  in  depth  on  their  sides  for  the  support  between  three  of  these  flat- 
crown-arches.  The  same  depth  of  curved  groove  is  also  cut  in  the  front 
and  rear  walls  (following  the  shape  of  the  curve  of  the  arch)  while  con- 
structing. For  the  "  Welsh  arch,""  the  girder-arches  are  generally  placed 
at  the  center  of  each  pier  between  two  windows,  being  from  10  to  12  feet 
apart.  The  Welsh  arch  is  never  used  over  that  width,  but  may  be  of 
the  full  length  required  by  the  depth  of  the  room,  although  not  usually 
over  18  to  22  feet  in  length.  It  is  a  favorite  arch  for  halls  and  en- 
trance-passages not  exceeding  that  width.  For  the  "Bohemian''  arch 
the  girder-arches  are  generally  placed  at  every  second  pier  of  a 
room,  say  16  or  18  to  20  feet  apart,  corresponding  to  the  width, 
or  rather  to  the  depth,  of  the  room.  In  all  cases  these  arches  are 
used  in  square  apartments,  or  as  nearly  square  as  they  can  be  ar- 
ranged. Through  the  girder-arches  run  strong  lock  or  anchor  irons,  to 
guard  against  the  pressure  on  the  sustaining- walls.  The  "  Welsh  "  arch 
^s  segmental  in  all  directions ;  the  "  Bohemian  "  is  a  spandrel  arch,  or 
dome,  growing  out  of  a  square  apartment.  The  courses  are  laid  in  the 
form  of  circular  arcs,  commenced  in  the  corners,  and  curved  and  declin- 
^ng  toward  them.  In  either  of  the  two  methods,  every  course  of  the 
arch  laid  in  this  way  without  a  centering  is  really  complete  and  self-sus- 
taining, very  nearly  as  much  so  as  if  the  whole  of  the  vault  were  tin* 
shed  and  finally  closed.  The  spandrels,  particularly  at  the  commence- 
ment of  the  Bohemian  arch,  are  filled  up  solid  for  about  one-third  or 
one-fourth  of  the  size  of  the  vault.  Both  kinds  are  closed  with  half 
a  brick  or  six  inches  thickness  at  the  crown  or  center.  The  sole  guide 
for  the  mason  is  the  curve  and  nosing-line  on  the  wall  and  girders,  and 
a  center-pole  or  other  mark  for  height  set  up  for  the  closing-point  at 
the  crown.    The  rest  is  all  guided  by  the  practiced  eye  of  the  workman. 
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The  rise  of  the  '*  Welsh  arch"  is  generally  one  twenty- fourth  the  span. 
The  "Bohemian  arch"  is  also  Tery  flat  at  the  crown  as  compared  with 
a  full  center  hemispherical  dome.  The  Welsh  arch  is  generally  com- 
menced by  one  mason  at  each  end;  the  "Bohemian  arch"  by  four 
masons,  one  in  each  corner,  until  the  corners  meet,  and  they  are  then 
completed  by  two,  of  whom  one  finally  goes  on  top  the  yet  incomplete 
arch  and  hands  in  the  materials,  while  the  other  one,  in  the  central  hole 
below,  attends  to  the  setting  and  the  eye-line  of  the  courses.  These 
men  are  so  skilled  and  practiced  in  their  trade  that  they  hit  by  the  mere 
use  of  the  eye  the  true  lines  of  the  proper  curves,  as  perfectly  as  if  they 
were  guided  by  a  pattern  or  centering,  and  attain  the  closing- point  at 
the  crown  with  the  utmost  precision.  Very  rich  mortar  is  used  for  these 
arches.  £ach  brick  of  a  whole  course  has  to  support  itself,  and  skill  in 
the  mechanical  manipulation  consists  in  keeping  every  course  to  its 
proper  and  unbroken  curve  in  every  direction,  and  the  courses  at  the 
proi)er  dip  to  the  plan,  as  well  as  in  applying  and  bedding  the  brick  in 
its  proper  place  at  once,  by  merely  rubbing  it  as  it  were  into  its  bed  and 
into  position,  never  Jcnocking  it  up  or  down,  or  back  and  forth,  by  the 
use  of  a  hammer,  and  thus  breaking  and  disturbing  its  bond  or  adhesion 
to  the  mortar.  As  surely  as  this  is  done,  or  the  curve-lines  crippled,  the 
whole  will  come  down  after  six  or  eight  courses  more  have  been  applied 
at  the  very  point  at  which  those  disturbances  occurred.  These  arches 
are  often  finished  with  different-colored  bricks  and  with  pointed  joints 
without  plastering,  to  show  the  beauty  of  their  mechanical  construction 
This  is  seen  in  many  old  buildings  and  in  the  corridors  and  entrances  to 
the  new  arsenal  and  other  ^^rohhau^  ("  unplastered  or  raw  brick.") 
The  plans  and  sections,  Plate  XI,  will  show  the  general  principle  of  these 
iDgenionsly-constructed  arches. 
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30.  We  cannot  but  admire  the  architecture  and  the  embellishment  of 
the  new  dwellings  in  Vienna,  and  give  due  credit  to  the  architects  of  that 
city  for  the  great  advance  which  has  been  made  during  the  past  twenty- 
five  or  thirty  years,  particularly  after  the  political  changes  of  1848,  and 
since  the  new  impulse  was  given  to  building  after  the  demolitioa  of  the 
old  fortifications  and  the  enlargement  of  the  city  by  the  incorporation 
of  the  formerly  outlying  thirty-four  suburbs  with  the  central  or  old  city. 
The  history  of  the  development  of  architecture  in  Vienna  can  only  be 
traced  back  through  its  remaining  monumental  buildings  as  far  as  the 
thirteenth  century.  Of  tbe  Boman  period  there  remain  only  two  exam- 
ples, and  these  are  of  the  time  in  which  the  Gothic  style  had  already 
obtained  the  preference.  They  are  the  western  fajade  and  turret  of 
the  Catbedral  of  St.  Stephen's,  and  the  nave  and  transepts  of  the 
Court  Church  of  St.  Michael's.  More  abundant  are  the  remaining 
evidences  of  the  building  activity  and  architectural  development  of 
the  Gothic  style  in  the  fourteenth  century.  The  fine  chapel  of  tbe 
Knights  Templars  of  the  Teutonic  Order,  the  St.  Augustine  and  Minorite 
churches,  the  nave  and  choir  of  St.  Maria  on  the  Stairs,  the  tower 
and  choir  of  St.  Michael's,  and  the  apsidal  choir  and  the  incompara- 
bly beautiful  tower  of  St.  Stephen's  are  illustrations  of  styles  which 
left  their  impress  also  on  the  private  dwellings  of  that  and  the  follow- 
ing period  in  tbe  many  steep  roofs  and  gables,  projecting  oriels  and 
turrets.  Vienna  is  under  small  architectural  obligation  to  the  renais- 
sance i)eriod,  as,  after  the  first  siege  of  the  city  by  the  Turks,  the 
whole  energy  of  its  people  was  expended  in  the  improvement  of  its 
fortifications,  and  in  more  peaceful  times  taste  in  art  was  principally 
directed  by  the  leading  fraternities  of  religious  orders,  who,  in  their 
numerous  new  church  buildings,  restorations,  and  remodelings,  often 
produced  depressing  combinations  of  styles,  either  too  plain  and  sober  or 
too  showy  and  pretentious. 

31.  Daring  the  reigns  of  the  Emperors  Joseph  I  and  Charles  VI,  an- 
other impulse  to  the  building-arts  was  given  by  the  examples  of  their 
luxury  and  splendor-loving  nobles  and  the  princes  of  the  empire,  led 
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by  that  great  patron  aud  admirer  of  the  fine  arts,  the  celebrated  Prince 
Eugene  of  Savoy,  who,  by  the  erection  and  embellishment  of  palaces 
and  pnblic  baildings,  ably  seconded  by  the  talent  of  their  celebrated 
architect,  Fisher  of  Erbach,  produced  such  fine  works  as  the  Charles 
and  St.  Peters  chnrches,  the  imperial  summer  palace  at  Schonbrun, 
the  imperial  winter  riding-school,  the  court  library,  and  many  public 
offices.  The  palaces  of  Prince  Engien,  Trantson,  Mannsfield,  Auers- 
berg,  Lichtenstein,  Schwarzenberg,  Daunish,  and  Kiusky,  the  celebrated 
"Belvidere,"  and  numerous  other  equally  splendid  buildings  of  the 
times.  But  the  disastrous  and  long-continued  French  wars,  from  the 
very  beginning  of  the  nineteenth  century  to  the  fall  of  Napoleon,  and 
the  Hungarian,  Italian,  and  other  provincial  troubles  during  the  re- 
mainder of  the  first  half  of  that  century,  and  up  to  the  final  political 
changes  in  1848,  had  retarded,  nay  paralyzed,  all  the  industrial  and 
fine  arts  in  Austria,  as  well  as  in  the  rest  of  Continental  Europe.  The 
little  of  what  was  done  during  that  period  in  domestic  architecture  was 
made  up  of  bad  imitations  of  debased  Italian  and  servile  copies  of  poor 
examples  of  French  and  Belgian  style,  derisively,  but  not  not  inaptly, 
designated  by  the  fun-loving  art  critics  of  the  times  as  "the  curly  wig 
aud  queue  style,"  on  account  of  the  many  unmeaning  twists  and  turns 
of  design,  meant  for  ornaments,  or  introduced  as  so-called  architectural 
features.  The  development  of  native  talent  and  taste  in  arts  were  also 
much  retarded  during  that  period  by  the  old  system  of  bureaucracy,  in 
which  coancillors,  superannuated  and  incompetent  directors,  assumed 
the  control  of  the  public  taste,  affording  no  opportunity  for  the  exercise 
of  individual  talents. 

32.  But  after  the  displacement  of  this  old  depressing  system,  and 
after  the  call  of  the  talented  and  eminent  architects  Vanderuiill  and 
Sicardsburg  to  the  head  of  the  Vienna  Academy  of  Fine  Arts  in  1845, 
and  with  the  enlargement  of  the  city,  and  the  establishment  of  schools 
of  design  and  industrial  and  technical  institutes,  museums,  art  schools, 
and  by  the  energetic  and  praiseworthy  exertion  of  the  Engineers  and 
Architects'  Association,  a  new  and  well-directed  impulse  was  given  to 
the  industrial  arts,  and  that  of  architecture  in  particular.  It  was  greatly 
aided  by  the  imperial  decree  promulgated  in  October,  1857,  directing 
the  erection  of  great  public  works  and  improvements  on  a  grand  scale. 
The  adoption  of  a  wide  Ring  street  around  the  inner  city  and  improve- 
ments after  the  example  of  those  of  Paris  were  contemplated,  the  erec- 
tion of  two  new  museums  for  art  and  natural  history  collections,  an  ex- 
change, new  parliament  houses,  and  a  grand  university  building,  a  new 
"  Rath-house,"  (city  hall  or  hotel  de  ville,)  an  imperial  theater,  exten- 
sive improvements  and  additions  to  the  imperial  palace,  a  palace  of  jus- 
tice, the  new  opera-house,  and  many  others  were  projected,  for  which 
either  select,  local,  or  general  competition  among  architects  was  invited 
and  the  designs  of  native  artists  received  the  principal  premiums. 

33.  These  were  enterprises  of  such  importance  and  magnitude,  that 
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stairways  are  furnished  in  the  same  manner,  and  often  farther  enriched 
by  scagliola  or  real  and  variegated  marbles  on  the  walls  and  frescoes  on 
the  ceilings.  The  walls  and  ceilings  of  the  living  and  social  rooms  in 
their  dwellings  are  always  painted,  at  least  in  plain  and  tasteful  water 
or  encaustic  colors,  and  are  often  embellished  by  works  of  artists  in 
fresco  and  oil  painting.  They  are  thus  enabled  to  produce  their  pres- 
ent and  their  best  style  of  buildings  by  the  combination  of  the  three 
sister  arts  of  architecture,  painting,  and  sculpture,  giving  these  build- 
ings a  harmonious  and  finished  appearance,  totally  unattainable  with 
the  mere  meager  architectural  composition  and  execution  such  as  is 
seen  in  less  favored  countries.  Drawing  has  been  incorporated,  for  at 
least  forty  years  past,  as  a  useful  and  necessary  branch  of  common  ed- 
ucation in  the  ordinary  and  high  schools.  It  has  been  considered  as 
indispensable  in  the  school  system  as  grammar,  reading,  and  writing, 
and  the  masses  have  reai)ed  as  much  benefit  from  the  former  as  from 
the  latter.    The  public  taste  has  been  vastly  improved. 

3G.  I  cannot  close  this  paper  on  the  construction  and  embellishment 
of  dwellings  without  expressing  my  admiration  of  that  splendid  pro^ 
duct  of  architectural  skill  and  artistic  embellishment,  the  new  opera- 
house,  and  of  several  of  the  lately  erected  new  theaters,  as  well  as  of 
the  grandeur  and  palatial  magnificence  of  the  new  railway-stations. 
The  "  Staats-bahn  ^  and  New  Southern  stations  especially  are  structures 
which,  in  their  tasteful  designs  and  richness  of  embellishment  have 
not  thus  far  been  equaled  in  any  part  of  the  world. 


INDEX. 


Art.   Page. 

Accidents,  precaution  against 24  15 

"Apartment  bouses,''  origin  of 2  5 

great  size  of  ancient 3  5 

and  tenement,  distinction  between 12  8 

Arched  floors,  self-centering 29  17 

Welsh 29  17 

Bohemian 29  17 

Architecture,  development  dates  from  thirteenth  century 30  20 

flourish  under  Joseph  I  and  Charles  YI 31  20 

influence  of  the  decree  of  1857 33  21 

Art,  great  impulse  to  building,  in  1845  and  1857 32  21 

Artisans,  remarkable  skill  of  Viennese 35  23 

Bohemian  arches,  description  of 29  17 

Brick  building  generally  used  in  Vienna 17  11 

Building,  new  impulse  in  1858 8  7 

present  system  of 9  7 

influence  of  the  conflguration  of  the  city  in  plans  for 10  8 

groups 14  10 

description  of  an  example  of 15  10 

materials,  nature,  and  variety  of,  near  Vienna 16  11 

marble  and  stone,  rare,  brick  generally  used,  with  stucco  finish.  17  11 

laws,  stringent 22  14 

regulations,  rigid  enforcement  of 28  17 

Ceilings,  peculiar  and  ingenious  mode  of  plastering 18  12 

description  of 23  14 

Cement,  excellent  quality  used. ,...  A9  12 

wiih  stucco  finish,  generally  used 17   .     11 

Charles  VI,  architecture  flourishes  under 31  20 

Decree,  improvements  in  architecture  projected  by  imperial,  in  1857 32  21 

influence  of 33  21 

Doois,' construction  of 26  16 

Dwelling,  description  of  flrst-class 13  9 

Fire,  precaution  against 24  15 

Floors,  description  of 23  14 

construction  of 26  16 

self-centering  arched 29  17 

Flues,  laws  relating  to 25  15 

French  wars,  architecture  depressed  during  the 31  20 

Germany,  description  of  the  porcelain  stove  of 27  16 

Groups,  building 14  10 

description  of  an  example 15  10 

House,  zins,  or  house  for  rent 5  6 

description  of 6  6 

details  of  kitchen 7  7 

Improvements  projected  by  imperial  decree  of  1857 32  21 

Instniction,  great  benefit  of  popular 34  23 

Iron,  use  of,  in  building 19  12 

3pd 


26  INDEX. 

Art.    Pft^. 

Joseph  I|  architecture  flourishes  nnder 31  20 

Kitchen,  details  of,  of  zins-hoase 7  7 

Lime  and  mortar,  pecaliar  mode  of  mizinj^ 20  13 

Marble  hailding  complete  rare 17  11 

Materials,  nature  and  variety  of  bailding,  near  Vienna 16  11 

Mortar  and  lime,  pecaliar  mode  of  mixing 20  13 

Palais,  first-class  dwelling 13  9 

Plastering,  peculiar  and  ingenious  mode,  ceilings 18  12 

Porcelain  stoves  of  Germany,  description  of 27  16 

Railway  stations,  great  beauty  of 36  24 

Regulations,  rigid  enforcement  of  building 28  17 

Roofs,  laws  relating  to 25  15 

Sands,  excellent  quality  used 19  12 

Stations,  great  beauty  of  the  railway 36  24 

Stone  building  complete  rare 17  11 

Stove,  description  of  German  porcelain 27  16 

Stucco  or  cement  finish  generally  used 17  11 

Tenement  houses,  distinction  between  apartment  and 12  S 

Theaters,  great  beauty  of  the  new 36  24 

Vienna,  size  and  situation  of 1  5 

extension  of,  in  1858 4  5 

influence  of  configuration  of,  on  plans  for  building 10  8 

nature  and  variety  of  building  material  neat 16  11 

Walls,  durability  of 21  13 

great  thickness  of 22  14 

Welsh  arch,  description  of 29  17 

Windows,  laws  relating  to.. 25  15 

construction  of 26  16 

Zins-honse,  or  house  for  rent 5  6 

description  of 6  6 

details  of  kitchen 7  7 


Vienna  Exhibition  1873 


PI.   I 


Architecture. 


Plan  of  Principal  Floor   of  small  Apartment  House^ 

Vienna. 


Ok—»fmt*  Jii4*'A-' 


i4*'A-,j «t<y ttL'Atc  4r^<¥  C''^»*j^*~.9'mh»,, 


V<«nn*  Exhibition1873. 


Apartment  Ho 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna. 


PI  II,  (B.) 


^1  III  fii>  ■  -.gt  <    /T<lip^>^>fa  !A;^Jr  ^«rf,iw,.^„^; 


V<inn*  t»h)bition1873. 


Apartmant  M'oume  in  Vienna., 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna. 


PL  II.    (D.) 


w* — ♦' — ^' 


i^SmM4m,*'JM*»f^,Mf^»yJUf  4(-  ^ 


<¥  i2tfiMt*»f^i*imt.i 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna.. 


pi.n.  (E.) 


Vi*nni  Exhibition  1873. 


Apartr. 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna 


PI  II.  (B.) 


^mlimiinmfk    <?<Myyfcfa  >4t^tJr  f€lt4tmdtjg»t<mi., 


Vltnna  Exhibition  1873. 
Apartman.t  House  in  Vienna. 


& 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  Houee  in  Vienna. 


PI.  II.    (D.) 


yo* — 4' — ♦' 


u_£l£K«-, 


I /»'    m. /V'»*    > 


/-V-y.    xy^g-A    ^^/^M    r^'^-g'.t  y'f<^'i-»'>^^f 


i^lii  w<iawi  O^fciO^TS^jyyMli*-^  ;^<*  /^^MMw^ia^, 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna 


Pl.m.  (B.) 


VawmtMr  y^t^^'i 


■'<*'Xy'*<if  4i-/f'^   f-^^t*^'^  jAmtm^, 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna. 


PJ.ffl.  (D.) 


K^inm*<m,»  yi4«^  .yA^M^A^AfeAr  nT  jf  *•  ♦  ri:  ,/••«# > j^'j.  , -..i 


PI.  IV.  (A.) 


J!My*y*A4^  A  f  <r  /AXi  «»«»*'■'«*'>/ 


Vienna 


PI. IV  (A.) 


I 

■4- 


^.  /  '  ^" 


\r33ijr^rf%r^ 


Vlenn.Exh-.bitifllV.  (B.) 

I 

« 


t  Exhibition  1B73. 


Apartment  House   in  Vierina 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna. 


PI.  V  (B.) 


Section  jy*>b:»: 


i$t«<MMr«M  ^'AoU   AHUytt^»Atr->4f  ^Jf 


Vitnna  Exhibition  1873. 


Apartm«nl  House 


Vienna  Exhibition  1873. 


A  rchiteclure. 


Apartment  House   in  Vienna 


PI.  V    (D.) 


SaiMk^iM/y»^,A.c  4t' ^9  'O*/'^**** 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna. 


PI.  V  iE.) 


(a"*' 


•V '.  ^./jCfMjX*.  s^Jf  ^   '. 


Vienna  Exhibition  1873. 


Arcl>ilecture. 


Apartment  House  in  Vienna 


PI  Y  ( G.) 


n 


<ii,irimir  JU.A  JiM^yyAm   iC- jf  if  «<*-«<p»**»* -*'«•• 


Vienna  Exhibition  1873. 


Archilecture. 


Apartment  House  in  Vienna 


PI  V   ( G.) 


"H 


JB4  A  JU4»y»y»A»c  ^  1fd>  yw<-fw*  9k*fm.  . 


Vienna  Exhibition  1873. 


Architecture. 


Apartment  House  in  Vienna. 


Pl.VlH.) 


9»mim  ■  -ifWri*,   /T<«y  ly  >  M  «t  f,1ffi 


PI.  VI. 


rf  floor. 


€  ri—t's.^^'fr.%,  . 


0 
0 


a, 

u 

Oh 


0) 


0 


0, 


1 

N 

c 

0 


X 
K 

a 
c 
c 


•i! 


-' 


> 


V 

o 


«0 

c 
o 


X 
UJ 


c 

> 


• 


•00 

o 


o 

•I 

• 

k 

• 


n 
0 


• 


o 

u 
o 
o 


0. 


< 

^ 

> 


■ 


,'y     x  •'••,•/» 


PJ.  IX. 


Vienna  Exhibition  1873. 


Architecture. 


Principal   Floor  of  Apartxnont  Houso  ' 
by  tKa  "UnioTv  Building  Associatiozi"  of    Vxenna. 


--* 


Mif0t*iW0^JUfA>  ty.Vtty  <yUW^:<fc  Ai 


♦  •/'ir'm»*tf'j.9^*timtP 


I   DWRUJMU   IN    ViKNKA. 


Vlinna  Exhib'ilian  1873. 


Details  of  th«  Balf-AUst>ining'Platz«ir  or  Flat-cro'wn  Arches, 
«s    constructed    at      Vienna, 


Sectani  (f  Ou  BAsmUm  Jbrh. 


Seelum  at SuWeWi^ch. 


B. 


ARCHITECTURE  AND  MATERIALS. 


N.  L.  DERBY. 


TIENNA  INTERNATIONAL  EXHIBITION,  1873. 


KEPORT 


ON 


ARCHITECTURE 


AND   THE 


MATERIALS  OF  CONSTRUCTION. 


BY 


NELSON    L.    DERBY.    B.    A 

HONORABT  COMMISSIONER  OF  THR  UMTKI)  8TATBS 


GOVERNMENT  PRINTING  OFFICE. 

1876. 


TABLE    OF    CONTENTS. 


CHAPTER  I. 


• 


TERRA  COTTA,  TILSS,  AND  CEMENTS. 
Art  Page- 

1.  Terra  cotta 5 

2.  Anstrian  terra  cotta ;  quality 5 

3.  Extravagant  use  of  granite  iQ  the  United  States 5 

4.  Earopeaa  economy  in  the  use  of  stone 5 

5.  Defects  of  design;  their  remedy 6 

6.  Viennese  molded  brick 6 

7.  Austrian  brick-manufacture 6 

8.  English  tiles 7 

9.  Boman  tiles;  their  uses 7 

10.  Bonding  walls 7 

11.  Brick-work  in  the  United  States 8 

18.  Peculiar  kinds  of  bricks .' 8 

13.  Lathing  and  furring 8 

14.  Cements 9 

15.  Bed  cement  for  carved  brick-work 9 

16.  Foundations  laid  in  cement 9 

17.  Construction  of  basins 9 

18.  Castings  in  cement 10 

19.  Cement  structures ;. 10 

20.  Yienuese  building 10 

21.  Mastic 11 

22.  Cement  breakwaters 11 

CHAPTER  II. 

METALS  USED  IN  CONSTRUCTION. 

23.  Wrought  and  cast  iron 13 

24.  Castings  and  forgings 13 

25.  Training  needed  in  the  United  States ^  13 

26.  Galvanized  iron  and  rooflng-metal I 14 

27.  Corrugated  iron 14 

CHAPTER  III. 

STONE  AND   WOOD. 

28.  Stone;  Carrara  marble 16 

29.  American  and  foreign  stone 17 

30.  Bedding-stone 17 

31.  Stairways 17 

32.  Woods  used  in  Vienna 17 

33.  Parquetry 18 

34.  Work  of  the  Duke  of  Northumberland '.....; 18 

35.  Carpentery '      18 

36.  Framed  buildings 18 

37.  Floors 19 

38.  Scaflfolding , 19 

39.  Partition- walls;  wood  in  interiors 19 


4  TABLE  OF  CONTENTS. 

CHAPTER  IV. 

ARCHITECTURAL  ARRANGEMENTS;  SANITARY    PRECAUTIONS. 

Art.  Page. 

40.  Peculiar  types 21 

41.  Railway-stations 21 

42.  Plans  and  models  exhibited 21 

43.  Buildings  in  progress 21 

44.  Styles  adopted 21 

4.5.  Opera-HoQse  at  Vienna 22 

46.  Governmental  work .*. 22 

47.  Defects  of  American  practice 22 

48.  Drawings 22 

49.  Milanese  arcade 23 

50.  Exchange  at  Brussels 23 

51.  Locating  public  buildings 23 

52.  Variety  and  uniformity  in  design 23 

53.  American  and  European  designs  compared 24 

54.  Exhibition-buildings : 24 

55.  Landscape-gardening.. 24 

56.  Defects  of  American  church-architecture 24 

57.  Direction  of  improvement 25 

58.  Perfected  plans  precede  work 25 

59.  Cultivation  of  taste;  training 26 


,•8 


V 


CHAPTER  I. 


TERRA  COTTA,  TILES,  AND  CEMENTS. 

Terra  cotta  ;  Molded  brick  ;  Austrian  manufactures  ;  Tiles  ;  Bonding  walls  ; 
Pecullar  kinds  of  bricks;  Lathing  and  furring;  Cements  ;  Foundations  ;  Ba- 
sins; Castings;  Mastic;  Cement  breakwaters. 

1.  T£BBA  COTTA. — AmoQg  the  bailding-materials  which  met  the  eye 
in  the  greatest  abundance  at  Yienna  w^re  terra  cotta  and  molded 
brick.  Some  American  companies  are  now  commencing  the  manafac- 
tare  of  these  articles,  as  well  as  of  tiles,  for  paving  parposes,  althoagh 
we  still  import  largely. 

2.  The  most  beaatifdlly  designed  and  most  richly  colored  terra  cotta 
was  exhibited  by  the  Aastrians  themselves.  It  is  of  a  darker  color  than 
the  English,  something  between  cream  and  chocolate,  and  not  so  hard 
as  that  of  the  latter  country.  It  stands  frost,  however,  very  fairly,  and 
is  produced  at  a  moderate  figure  in  money.  Brackets,  columns,  balus- 
ters, and  also  fountains  and  statues,  were  exhibited  by  the  Austriaus 
and  the  North  Germans.  The  English  themselves  were  excessively  as- 
tonished at  the  perfection  which  this  manufacture  had  reached  in  Aus- 
tria and  the  beauty  of  the  designs.  It  is  well  known  that  this  material  is 
more  durable  than  stone,  as  is  now  apparent  in  the  British  Houses  of 
Parliament  in  London.  It  also  does  away  with  the  great  expense  at- 
tending the  reproduction  of  the  same  pattern  in  stone.  The  architectural 
forms  above  cited  are,  in  many  cases,  used  merely  for  ornament,  and 
sustain  no  weight ;  they  are  therefore  made  in  this  case  to  the  greatest 
advantage  of  terra  cotta,  and  sometimes  of  cast  cement,  which  will  be 
referred  to  later. 

3.  As  a  contrast  to  this,  we  may  cadi  attention  to  the  enormous  quan- 
tity of  cut  granite  employed  in  this  country,  at  which  foreigners  stand 
aghast. 

This  most  intractable  of  stones  is  never  used  on  the  continent  for  any 
other  portion  of  a  building  than  the  basement  and  foundations.  Our 
own  experience  shows  that  it  has  far  less  value  than  brick  in  resisting 
fire,  while  the  process  of  cutting  it  is  most  laborious  and  expensive. 

4.  The  tendency  of  modern  improvement  is  certainly  to  the  production 
of  effect  with  economy  of  money  and  material.  The  French  will  pre- 
pare a  better  meal  than  any  other  people  with  less  matter  and  at  half 
the  expense.  The  Germans  will  get  solid  enjoyment  out  of  small  sums 
of  money,  but  with  us  extravagance  and  lack  of  result  are  too  apt  to  go 
hand  in  baud.    The  stone  used  for  building  purposes  in  Paris  can  be 
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cat  with  a  knife  when  first  quarried,  and  becomes  qaite  hard  ou  expo- 
sure to  the  air.  Tbe  utmost  richness  of  design  is  thus  rendered  possi- 
ble at  small  expense. 

5.  Where  cast  iron  is  used,  as  in  this  country,  some  money  is  saved 
by  using  few  patterns  and  making  the  ornaments  of  every  story  of  a 
building  alike.  The  result  is  not  beautiful,  but  it  is  cheap.  But  why 
should  this  peculiarity  of  iron  be  copied  in  the  New  York  post-office? 
Differences  of  design  for  the  different  stories  were  possible  without  ad- 
ditional expense,  but  now  every  door  and  every  window  on  the  exterior 
is  alike,  and  the  eye,  wandering  over  its  vast  expanse,  turns  sickened 
and  wearied  away  to  gaze  at  some  more  congenial  object.  The  neglect 
of  some  simple  matter  like  this  has  been  the  cause  of  the  failure  of  many 
of  our  most  prominent  buildings.  The  new  cathedral-building  ou  Fifth 
avenue,  New  York,  is  an  imposing  and  striking  building,  but  in  the 
traceries  of  the  windows  and  above  Ihe  main  portal,  which  in  the  old 
types  of  Rurope  are  treated  with  the  delicacy  and  lightness  of  lace- work, 
there  is  here  a  heaviness,  a  clumsiness,  and  a  rigidity  excessively  dis- 
appointing to  the  lover  of  art.  The  New  York  Evening  Post  not  long 
since,  in  an  editorial,  said  that  our  people  are  not  sufficiently  educated 
in  art-matters,  or  in  building,  to  form  independent  opinions  on  these 
subjects.  They  are  too  apt  to  believe  implicitly  in  the  dictum  of  pro- 
fessional men,  especially  if  they  possess  the  reputation  of  haxing  stud- 
ied in  foreign  schools.  We  are,  however,  improving,  and  it  seems  the 
duty  of  the  Government  to  foster  in  every  way  the  growth  of  art-muse- 
ums and  schools,  for  which  the  ^outh  Kensington  Museum,  in  London, 
forms  the  best  existing  model. 

6.  Bricks. — The  molded  brick  exhibited  at  Vienna  are  made  with 
little  additional  apparatus  and  form  a  very  effective  material  for  pro- 
ducing architectural  effects.  Similar  varieties  have  been  used  for  cen- 
turies in  Northern  Italy,  and  are  now  being  taken  up  quite  extensively 
in  England.  Hollow  cellular  bricks  were  to  be  seen  in  large  numbers ; 
these  are  pierced  with  longitudinal  holes,  reducing  the  weight  about 
one-third,  and  are  quite  useful  in  springing  arches  and  vaults  between 
iron  beams  in  the  construction  of  fireproof  floors.  They  are  made  also 
in  the  skew-back  pattern  and  are*  much  superior  to  the  compositions 
lately  introduced  among  us  for  similar  purposes.  A  few  are  manufac- 
tured at  present  in  New  York.  The  ordinary  building-brick  of  Vienna 
is  larger  than  ours,  being  at  least  a' foot  long  and  is  excessively  porous. 
They  are  laid  with  the  exterior  half  of  the  joint  open  and  an  inch  wide, 
for  the  purpose  of  keying  on  a  coating  of  cement,  which  is  there  used 
as  a  substitute  for  mastic,  and  is  durable,  cheap,  and  capable  of  adapta- 
tion to  all  architectural  forms. 

7.  Tbe  most  important  terracotta  and  brick  works  in  Austria  are  the 
Wienerberger,  in  the  environs  of  Vienna,  and  much  of  the  beauty  of  the 
modern  portion  of  this  city  is  to  be  attributed  to  the  use  of  their  mate- 
rials by  Austrian  architects,-  they  are  always  x^leasing  in  design  and  in 
color. 
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8.  The  best  exhibition  of  tiles  was  made  by  England.  We  all  know 
the  Minton  and  Maw  tiles,  and  we  import  such  a  qaantity  of  them  that 
little  need  here  be  said  in  regard  to  them.  The  delicate  patterns,  how- 
ever, which  these  firms  produce  render  it  impossible  to  bake  them  to  a 
sufficient  degree  of  flintiness,  and  the  result  is  that  they  do  not  stand 
much  wear  when  i;sed  for  pavements.  They  lose  their  colors  and  chip 
around  the  edges,  as  may  be  seen  in  the  Parliament  Houses  in  London, 
and  in  some  buildings  in  this  country.  Other  more  expensive  and  more 
daraUe  tiles  are  made  by  cutting  out  the  pattern  to  a  depth  of  an  eighth 
of  an  inch  and  filling  it  up  with  colored  paste.  The  whole  is  then  baked 
together. 

The  use  of  tiles  for  dadoes  and  wainscoting  is  becoming  prevalent 
abroad,  and  plain  glazed  tiles  are  used  in  England  to  cover  the  entire 
walls  of  water-closets,  bath-rooms,  and  kitchens,  as  they  can  be  readily 
washed,  and  retain  no  malaria  not  odor. 

Tiles  of  clay  or  earthenware — those  above  referred  to  having  a  kaolin 
or  China-ware  basis — used  for  roofing  purposes,  were  exhibited.  Some 
of  these  were  flat  and  were  used  exactly  like  slates ;  others  had  various 
curved  shapes  for  rendering  the  joints  tight,  and  still  others  were  glazed 
to  enable  them  better  to  shed  the  rain.  Their  weight  renders  them  less 
liable  than  slate  to  removal  by  the  wind,  and  their  red  color  gives  a 
very  picturesqae  effect  to  the  roofs.  They  are  also  more  durable  than 
slate,  but,  being  heavier,  they  require  heavier  timber  in  the  roof  for 
their  support.  One  eccentricity  in  this  line  were  tiles  of  glass;  these,  as 
well  as  the  earthenware,  are  better  non-conductors  than  slate. 

9.  It  may  not  be  out  of  place,  in  this  connection,  to  refer  to  the  old 
Roman  tiles,  seen  still  in  many  parts  of  Europe,  iu  a  good  state  of  pres- 
ervation, especially  in  the  remains  of  aqueducts  and  in  such  structures 
as  the  great  arched  openings  in  Borne.  They  are  some  3  inches  in 
thickness,  and  often  2  feet  long  by  7.  inches  in  width.  They  are  used  to 
bind  together  walls  constructed  mainly  of  rubble  or  small  stones.  Once 
every  two  feet,  or  thereabouts,  in  a  vertical  direction,  the  stone- work  is 
carefully  leveled  off  and  two  or  three  courses  of  these  tiles  are  laid  in 
bond.  The  resulting  structure  is  of  great  strength,  as  its  duration 
until  the  present  time  sufficiently  proves.  The  regular  recurrence  of 
the  brick  or  tile  work  also  gives  a  good  effect,  breaking  the  masses 
quite  pleasingly.     . 

10.  There  is  no  reason  why  this  form  of  masonry  should  not  be  adapted 
to  modern  wants  iu  the  construction  of  piers,  and  even  in  buildings, 
lessening,  as  it  would,  the  great  expense  to  which  our  fondness  for  cut 
stone  leads  ns.  The  structure  would  be  as  fire-proof  as  any  form  of 
masonry.  I  will  advert,  in  this  connection,  to  the  custom  in  Vienna, 
made  a  necessity  by  the  very  good  bnildiBg-act  there  in  force,  of  tying 
all  brick  walls,  especially  those  containing  arched  windows,  by  rods  of 
wrought  iron,  imbedded  in  the  masonry  and  passing  horizontally  above 
the  openings  £rom  end  to  end,  where  they  are  anchored  fast 
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Another  clause  of  the  Viennese  bailding-act  renders  it  necessary  to 
constract  the  attic-floors  of  brick  to  prevent  the  timbers  of  the  roof 
from  falling  throagh  into  the  lower  stories  in  case  of  fire.  This  was  the 
reason  for  vaalting  the  foreign  cathedrals  beneath  the  wooden  roofe, 
the  roofs  themselves  again  preserving  the  vaulting  from  the  disinte- 
grating effects  of  rain. 

The  best  brick  bond  for  ordinary  walls  is  acknowledged  to  be  the 
Flemish  or  the  English.  Headers  and  stretchers  are  placed  alternately 
in  each  row,  the  headers  being  over  the  stretchers  alternately  in  a  ver- 
tical direction. 

11.  The  objection  to  the  nse  of  these  bonds  in  America  is  the  fact  that 
they  require  more  face-brick  than  our  own,  and  workmen,  when  com- 
pelled by  architects  to  use  them,  have  been  known  to  put  in  half-bricks, 
which  look  on  the  completion  of  the  wall  exactly  like  headers,  but  nat- 
urally serve  no  good  purpose.  The  writer  has  nowhere  seen  better 
bricks  or  better  brick-layers  than  in  America.  Our  joints  are  by  far  the 
thinnest  of  any  in  the  world,  but  with  all  our  regularity  and  exactness 
there  has  been,  until  lately,  but  little  art  displayed  in  brick-work  with 
us.  The  architrave  of  a  window  can  be  readily  formed  of  brick,  all 
molded  t/O  one  pattern,  and  the  same  is  true  of  continuous  string-courses 
and  cornices ;  brackets  of  terra  cotta  can  be  built  in  under  the  latter, 
and  keystones  of  the  same  material  inserted  into  the  arches.  Many  of 
the  most  pleasing  effects  in  Italian  architecture  have  thus  been  pro- 
duced at  no  great  expense.  The  method  is  as  feasible  here  as  the  con- 
struction of  cast-iron  buildings,  which  are  regarded  by  critics  as  mon- 
strosities, especially  where  the  attempt  is  made  to  give  them  the 
appearance  of  white  marble  or  of  other  stone. 

12.  Other  bricks  were  formed  so  as  to  dovetail  iato  one  another,*  and 
they  are  useful  in  the  construction  of  circular  towers  or  of  *' swell  fronts'' 
in  brick.  Their  additional  strength  renders  a  reduction  in  the  thickness 
of  the  wall  possible.  The  nse  of  black  bricks  for  ornamental  purposes 
has  become  quite  common  of  late  in  America.  The  color  is  given  them 
by  insertion  into  coal-tar.  In  France  black  bricks  are  also  constantly 
met  with,  but  they  are  there  colored  by  more  intense  baking.  They  are 
of  the  nature  of  clinkers,  and,  as  used  in  France  for  headers  in  the 
English  or  Flemish  bond,  give  a  neat  appearance  to  the  wall.  The  coal- 
tar  process  is  in  all  probability  not  productive  of  a  permanent  color. 

The  other  forms  of  brick  which  were  noticed  were  several  large  varie- 
ties, measuring  18  by  9  by  4^  inches,  used  for  building  cornices.  They 
are  manufactured  by  the  Wienerberg  works.  Wedge-shaped,  solid  bricks 
were  to  be  seen,  for  arches,  and  face-brick,  glazed  in  different  colore. 
There  were  no  machines  exhibited  for  turning  out  pressed  brick  which 
would  compare  with  American  machines  in  neatness  or  in  rapidity  of 
working. 

13.  In  Austria  the  use  of  furring  and  lathing  is  infrequent,  it  being 
customary  to  build  brick  walls  hollow,  to  secure  warmth  and  dryness,  and 
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then  to  plaster  directly  npon  them.  The  use  of  inflammable  material 
is  thus  avoided  and  no  space  is  lost.  Iron  lathing  cannot  be  considered 
a  sabstitate  unless  the  furring  is  also  iron.  In  another  part  of  this 
paper  the  excellent  provisions  in  the  Vienna  building-act  to  secure  fire- 
proof buildings  will  be  referred  to.  Before  leaving  this  subject  we  will 
call  attention  to  the  fact  that  hollow  bricks,  both  square  and  skewbacks, 
are  manufactured  in  this  country  by  the  firm  of  Beck  with  &  Co.,  of  New 
York.  They  also  import  a  very  hard  German  tile,  which  leaves  some- 
thing to  be  desired  in  its  design  and  color. 

14.  Gembnt. — There  were  a  great  many  specimens  of  this  material 
exhibited,  the  strongest  being  the  English  varieties,  though  many  of 
the  Austrian  were  excellent.  The  basis  of  cement,  as  is  well  known,  is 
a  limestone  containing  clay.  Glay  mixed  artificially  with  lime,  and 
thus  burned,  will  also  yield  a  good  cement.  The  Eomans,  when  con- 
stmcting  works  in  foreign  parts,  and  when  pressed  for  time,  often 
mingled  pulverized  brick  with  common  mortar,  and  produced  in  this 
manner  a  very  good  substitute  for  cement.  In  view  of  the  favor  into 
which  red  mortar  for  brick-laying  is  growing  in  this  country,  this  is  a 
hint  which  might  be  utilized.  A  brick  wall  laid  in  cement  is  stronger 
and  much  dryer  than  one  laid  in  ordinary  mortar,  and  certainly,  if  pul- 
verized brick  is  to  be  cheaply  procured,  its  addition  to  mortar  can  do 
no  harm. 

15.  A  curious  process  has  of  late  come  in  vogue  in  England,  in  con- 
nection with  the  so-called  Queen  Anne  architecture,  of  carving  brick 
masonry.  With  the  use  of  red  mortars  pleasing  effects  can  be  produced 
in  this  way,  though  porous  bricks  are  better  adapted  to  it  than  face- 
bricks,  as  the  latter  show  a  color  when  cut  different  from  that  on  the 
sarface.  Inasmuch  as  many  prominent  architects  of  England  are  using 
this  form  of  decoration,  it  may  be  inferred  that  there  is  something  in  it. 

16.  It  is  common  abroad  to  lay  all  foundation-walls  in  cement;  and 
foundations  consisting  entirely  of  cement  are  coming  by  degrees  into 
general  use.  Thus  were  founded  the  piers  of  the  great  rotunda  at 
Vienna,  and  these  have  shown  no  signs  of  settling  or  of  other  weakness. 
Here  again  is  an  economy  on  the  use  of  hewn  stone,  as  we  see  it  used, 
for  instance,  in  New  York,  where  a  half-acre  has  been  covered  with 
enormous  granite  blocks  to  form  an  anchorage  for  the  cables  of  the 
great  Brooklyn  suspension-bridge. 

17.  In  a  quarter  of  Vienna,  some  two  and  a  half  miles  from  the 
Exhibition,  fifty  workmen  were  employed  during  the  progress  of  the 
latter  in  constructing  an  enormous  basin  to  receive  the  water  from  one 
of  the  highest- playing  fountains  of  the  world.  It  is,  perhaps,  200  feet 
in  diameter,  and  the  foundations  commence  15  feet  below  the  surface  of 
the  soil.  Trenches  were  first  dag  and  lined  with  boards,  then  a  mixture 
of  one  part  cement  to  three  parts  clean  sharp  gravel  was  shoveled  in 
and  rammed.  On  reaching  the  surface,  a  mixture  of  one  part  cement 
and  one  part  sand  was  used  to  form  the  bed  and  the  coping,  and  the 
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whole  was  ueatly  turned,  rubbed  down,  and  -finally  polisbed.    It  pre- 
sents much  the  appearance  of  marble  and  stands  very  well. 

18.  In  a  previous  part  of  this  paper  castings  in  cement  were  referred 
to.  Many  of  these  are  made  without  adding  sand,  and  are  useful  where 
the  same  ornamental  form  is  repeated  in  a  building,  whether  in  brackets, 
balusters,, dentils,  egg-moldings,  or  any  other  ornaments  which  would 
require  much  repetition  in  stone-cutting.  It  is  not  as  strong  as  granite, 
nor  is  glass  as  serviceable  as  a  diamond  for  many  purposes,  but  they 
both  answer  very  well  in  their  way.  The  cement  is  vastly  less  expen- 
sive, and  for  these  purposes  is  sufficiently  durable. 

19.  A  building  was  erected  on  the  grounds,  by  one  of  the  Austrian 
cement-companies,  entirely  of  this  material.  The  roof  was  internally 
nearly  flat,  externally  sloping  to  the  eaves,  and  formed  of  one  mass  of 
cement,  varying  from  the  edges  to  the  center  from  a  foot  and  a  half  to 
10  inches  in  thickness.  The  building  was  about  18  feet  square  and  had 
an  external  stairway  curiously  made  of  a  block  of  cement  for  Ciich  step, 
supported  only  at  one  end,  which  was  imbedded  10  inches  in  the  wall. 
This  led  to  the  roof,  which  was  surrounded  by  a  parapet  of  cement  and 
was  seemingly  capable  of  supporting  the  weight  of  many  people.  The 
only  improvement  that  the  writer  could  have  suggested  was  a  covering 
of  tin  or  zinc  for  the  roof,  not  to  keep  out  the  rain,  but  to  prevent  the 
wearing  effects  of  the  weather  on  the  large  mass  of  cement  exposed. 
Thus  we  have  learned  the  possibility  of  shipping  an  entire  building  to 
any  point  desired,  in  barrels,  needing  nothing  additional  on  the  ground 
but  water. 

Large  slabs  of  cement  were  also  exhibited,  to  be  used  for  paving-pur- 
poses, measuring  sometimes,  superficially,  6  by  10  feet,  with  a  thickness 
of  4  to  6  inches.  The  writer  has  seen  these  built  into  a  corner  of  a  stair- 
way, supported  only  by  two  adjacent  walls,  and  standing  very  well  as 
landing-places.  By  the  processes  above  referred  to  very  cheap  and  strong 
fire-proof  stairs  are  constructed  in  Vienna.  Tiles  of  molded  cement  are 
also  used  for  interior  paving,  and  the  New  York  firm  mentioned  above 
imports  some  of  these  from  France,  which  are  very  pleasingly  molded 
in  cements  with  which  various  coloring  ingredients  have  been  mixed 
and  formed  into  tasteful  patterns.  These  do  not  wear  as  well  as  baked 
tiles,  as  they  are  liable  to  chip  at  the  joints ;  but  they  are,  of  course, 
better  in  quality  as  the  proportion  of  sand  is  diminished.  Another  form 
of  flooring  consists  of  cement,  laid  in  mass,  into  which  small  bits  of  col- 
ored marble  are  inserted  in  regular  patterns.  The  whole,  when  once 
set,  is  rubbed  down  with  sand  and  holystone  and  polished.  It  is 
thoroughly  impervious  to  water  and  vermin,  and  seems  quite  suitable 
for  kitchens  and  bath-rooms. 

20.  A  traveler  arriving  at  Vienna  is  much  struck  by  the  imposing 
buildings  which  line  the  principal  streets,  their  fronts  stretching  un- 
broken from  100  to  200  feet,  their  cornices  heavy  and  projecting  from 
2^  to  4  feet,  throwing  rich  shadows,  and  well  lightened  by  beautiful 
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combinations  of  ornament.  The  lower  story  is,  in  general,  massive ; 
ample  piers  support  the  masonry  above,  and  perhaps  only  half  of  the 
entire  width  is  sacrificed  to  show-windows. 

The  Viennese  rely  upon  interior  courts  for  light,  aud  do  not  reduce 
the  strips  of  wall  between  the  windows  until,  as  with  us,  the  building 
seems  to  have  hardly  a  leg  left  to  stand  upon.  These  structures  appear 
to  be  built  of  a  light,  cream-colored  stone,  in  no  case  darkened  by  smoke 
or  time.  They  are,  in  reality,  however,  constructed  by  a  combination 
of  the  processes  above  described.  The  cream-colored  stone  is  only  a 
coating  of  cement  mixed  with  a  goldeu-hued  sand  and  well  keyed  into 
the  open  joints  of  the  large  porous  bricks;  while  the  ornamentation  is 
made  up  of  terra  cotta  or  cast  cement.  The  whole  soon  attains  the 
consistency  of  marble  and  wears  as  well,  while  it  is  far  cheaper. 

The  study  of  one  of  these  buildings  during  erection  is  very  interesting. 
The  cornices,  string-courses,  and  pediments  of  windows  are  built  out 
roughly  in  brick ;  square  holes  are  left  for  ^the  insertion  of  brackets. 
Arches  are  sprung  wherever  necessary,  without  affecting  the  architec- 
tural appearance  of  the  structure;  and,  finally,  after  the  whole  has 
been  thoroughly  moistened,  the  cement  is  thrown  on  and  quickly  planed 
into  shape.  It  is  then  played  on  with  a  hose  at  intervals  for  several 
days.  The  front  of  a  building  is  .thus  in  a  few  hours  transformed  from 
a  shapeless  mass  of  rough  brick-work  to  a  beautiful  architectural  com- 
position. 

This  must  not  be  confounded  with  our  process  of  stuccoing  and  mastic 
work.  The  differences  are  very  essential.  First,  wide-jointed  porous 
brick  are  used,  which  hold  the  superposed  matter  with  the  greatest  firm- 
ness; then  the  basis  of  the  coating  is  cement,  and  not,  as  with  us, 
mortar. 

Buildings  thus  constructed  in  Vienna  never  peel,  though  heavy  frosts 
and  long-continued  rains  are  common. 

21.  Mastic  has  with  us  a  very  bad  name ;  it  is  the  symbol  of  cheap- 
ness and  tawdry  imitation ;  and  so  much  is  this  the  case  that,  often 
when,  in  talking  with  professional  men,  the  subject  of  Vienna  mastic 
has  been  introduced,  it  has  been  found  impossible  to  get  a  hearing  at 
all.  There  is  considerable  skill  and  experience  required  in  working  it ; 
but  we  now  have  in  our  country  a  large  number  of  Italians  who  under- 
stand the  matter  very  well.  A  friend  practicing  architecture  in  New 
York  states  that  he  has  for  several  years  past  been  observing  a  build- 
ing near  that  city  which  is  covered  with  a  similar  cement-mastic.  It  is 
exposed  on  all  sides  to  the  winds  and  rain,  yet  it  stands  the  weather 
remarkably  well,  and  does  not  flake  off  nor  crack. 

22.  One  of  the  most  remarkable  purposes  for  which  cement  is  employed 
abroad  is  the  construction  of  the  great  breakwaters  used  to  form  arti- 
ficial harbors  at  the  mouths  of  canals  upon  the  seacoast.  These  are 
to  be  seen  at  the  Suez  Oanal  in  Egypt  and  in  some  parts  of  Holland. 

Blocks  measuring  18  by  9  and  by  5  feet  are  cast  in  concrete,  and  by 
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their  enormous  size  serve  to  resist  the  force  of  the  waves  and  tides.  An 
opportunity  offered  itself  of  inspecting  a  new  ship-canal  in  Holland  a  year 
and  a  half  ago,  and  the  writer  there  walked  oat  for  nearly  a  mile  on  sach 
a  breakwater.  Here,  perhaps  from  the  imparity  of  the  sand  ased  or 
from  its  too  great  quantity  in  proportion  to  the  cem^^nt,  the  upper  blocks 
were  much  rounded  and  worn,  but  the  wall  was  firm.  Such  devasta- 
tions are  easily  repaired  by  additional  coatiugs  of  concrete,  and  the 
whole  can  thus  be  rendered  as  solid  as  in  the  beginning,  a  work  which 
would  be  difficult  in  the  case  of  stone  without  rebuilding  the  wall. 

The  failure  of  cement  and  concrete  in  this  country  is  doubtless  to  a 
great  extent  due  to  the  use  of  impure  materials  and  of  too  great  a 
quantity  of  sand. 
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METALS  USED  IN  CONSTRUCTION. 
Wrought  akd  cabt  iron  ;  Castings  and  forgings  ;  Galvanized  iron  ;  Corrugated 

IRON. 

23.  Wbought  and  oast  iron. — Another  materfal  of  great  import- 
ance in  its  connection  witb  building  is  iron,  both  cast  and  wroaght. 
The  expense  of  these  two  varieties  is  very  different,  po  much  so  that 
very  little  ornamental  wroaght  iron  has  as  yet  come  into  ase  in  oar 
country. 

Girders  and  beams,  it  is  universally  acknowledged,  should  be  made  of 
wroaght  iron.  Oast  iron  employed  for  these  purposes  is  liable  to  yield 
to  saddeo  shocks,  and  in  case  of  fire,  when  it  has  become  heated,  the 
application  of  water  snaps  it.  Wrought  iron,  when  heated  intensely, 
bends,  and  also  gives  way;  but  from  its  greater  elasticity  it  is  the  only 
safe  material  ander  ordinary  circumstances.  Columns  and  pillars  are 
better  made  of  cast  iron,  while  roof-frames  should  be  wrought. 

24.  Some  of  the  castings  made  abroad  are  of  great  delicacy,  and  it  cer- 
tainly is  a  pity  that  our  street-lanterns  and  much  of  our  architectural 
ornamentation  are  not  more  carefully  molded.  Sharp  outlines  add  won- 
derfolly  to  the  effect  of  all  architectural  work,  and  these  we  rarely  see 
in  this  country  in  cast  iron. 

Some  of  the  most  beautiful  specimens  of  art  which  the  Middle  Ages 
bave  handed  down  to  us  are  of  wrought  iron.  These  include  railings? 
gates,  finials,  window<bars,  ornamental  hinges,  as  seen  on  the  old  cathe- 
drals, lock- work,  fire-irons,  &c.  Many  of  the  rails  are  cunningly  bound 
together  like  coats  of  mail,  and  can  be  shaken  like  a  woven  fabric. 
The  attempts  to  reproduce  these  in  cast  iron  are  always  failures* 
What  clumsy  and  hideous  sh^ipes  in  this  material  meet  the  eye  in  any 
American  city  and  at  every  step. 

First  The  process  is  unsuitable  to  the  end. 

Secondly.  It  seems  as  though  the  few  art-loving  architects  whom  we 
bave  in  America  had  renounced  in  despair  the  attempts  to  produce  good 
results  in  such  a  stubborn  material. 

25.  We,  as  a  nation,  are  still  far  from  the  point  where  we  would  be  will- 
ing to  take  great  pains  without  seeing  a  return  iq.  money.  Where  our 
pride  is  not  directly  affected,  we  are  still  too  apt  to  prefer  the  cheap  and 
tbe  inferior  to  the  expensive  and  durable  and  the  excellent.  The  refin- 
ing and  inspiriting  effects  of  the  presence  of  beautiful  forms  around  us 
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are  as  yet  uDknown  to  the^masses  of  oar  popalation.  If  some  of  us  do 
thiak  of  these  things,  we  are  but  tempted  to  work  the  harder,  that  we  may 
some  day  go  to  Earope  and  enjoy  them  there.  And  yet  there  seems  to 
be  no  reason  why  we  shoald  not  have  this  opportunity  at  home.  We  have 
wealth  and  talent,  bat  we  still  lack  several  very.important  preliminaries : 
First  of  all,  art-maseums,  the  greatest  of  all  sti  mnli,  perhaps,  to  im- 
provement in  design.  Then  we  have  none  of  the  rich  antiquarian  re- 
mains from  which  foreign  artists  draw  their  inspiration.  A  good  many 
of  oar  young  men  every  year  go  abroad  and  bring  back  much  that  is 
useful  as  the  result  of  their  art-studies  in  France  and  in  Italy  ;  but  art, 
and  especially  architecture,  does  not  as  yet  receive  from  us  that  thorough 
study  that  we  devote  to  the  business-affairs  of  life.  These  young  archi- 
tects generally  lack  the  long  office-training  and  apprenticeship  which  go 
to  render  the  designs  of  the  French  and  the  English  so  varied  and  so 
rich. 

The  exhibition  of  the  drawings  of  the  art-students  of  Glef many  alone 
filled  large  buildings  at  Vienna ;  and  their  beauty  and  the  care  devoted 
to  their  execution  attracted  the  admiration  of  all  nations.  Oar  own  dis- 
play was  meager  in  the  extreme  and  was  in  the  worst  of  taste.  May 
the  Government  foster  the  growth  of  art  among  us  and  aid  us  to  rival 
these  people. 

A  great  deal  could  be  effected  by  giving  the  erection  of  our  public 
buildings  to  the  most  competent  architects  and  sculptors  that  the  coun- 
try affords.  These  would  then  serve  as  a  school  for  the  people  and  would 
keep  conspicuously  before  their  eyes  a  high  model  of  excellence. 

If  the  plans  of  our  post-offices  and  other  Government  buildings  had 
emanated  from  the  brain  of  a  Hunt  or  an  Upjohn  how  different  might 
have  been  the  result 

The  modern  revival  in  art  in  England  can  almost  be  said  to  have  taken 
its  commencement  from  the  erection  of  the  Parliament-houses  in  Lon- 
don. Kot  only  did  architects  there  find  a  model,  but  schools  of  joiners 
and  stone-carvers  were  formed,  whose  skill  is  conspicuous  in  the  great 
buildings  of  Manchester,  the  new  law-courts  of  London,  and  the  numer- 
ous town-halls  arising  in  all  parts  of  the  country.  This  matter,  how- 
ever, is  leading  us  away  from  the  immediate  discussion  of  iron,  and  we 
will  come  back  to  it  at  a  later  period  in  this  report. 

26.  Galvanized  iron  as  used  by  us  for  roofing-purposes  is  unknown 
abroad,  and  would  be  considered  too  coarse  a  material  for  fine*  buildings. 
Zinc  and  lead  are  used  for  this  purpose  there  in  modern  structures,  while 
the  traveler  in  Austria  is  struck  by  the  numerous  copper-covered  roofs 
of  the  old  churches,  which,  after  one  or  more  centuries  of  wear,  remain 
in  good  condition.  Tin  I  have  never  seen  used  for  roofing-purposes  in 
Europe. 

27.  There  were  several  buildings  of  corrugated  iron  on  the  exhibition- 
grounds.  This  substance  is  nailed,  as  with  us,  upon  a  wooden  frame, 
and  is  one  of  the  most  dangerous  materials  for  spreading  conflagration 
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known.  It  easily  becomes  heated  red-rot,  and  sets  off  the  wood  in  con- 
tact with  it  like  tinder.  These  buildings  are  also  very  poor  non-conduc- 
tors of  heat  and  cold,  and  consequently  are  almost  uninhabitable  in 
summer  or  winter.  The  advantage  of  setting  up  a  wooden  frame  and  cov- 
ering it  with  iron,  when  wood  can  also  be  obtained  for  the  exterior,  is 
not  easily  seen.  The  only  advantage  claimed  for  these  buildings  is  their 
portability. 


CHAPTER    III. 


STONE  ANP  WOOD. 

Carrara  marble;  American  and  foreign  stone;  Bedding-stone;  Stone  stair- 
ways; Viennese  WOODS ;  Parquetry;  Carpentry;  Framing;  Floor-scaffold- 
ing ;  Partition-walls  ;  Wood  in  interiors. 

28.  Stone. — In  treating  of  this  material,  the  field  is  so  extended  and 
the  different  qualities  vary  so  greatly,  even  when  taken  from  the  same 
qaarry,  that  these  remarks  mast  necessarily  be  very  general.  In  fact, 
the  object  in  speaking  of  bnilding-materials  has  been,  not  to  describe 
each  sort  with  minuteness,  bat  to  call  attention  to  a  few  important  facts 
which  do  not  as  yet  seem  to  be  appreciated  in  America.  Some  things  we 
know  almost  nothing  about,  and  a  report  dealing  with  particulars 
would  be  out  of  place. 

In  England,  terra  cotta  and  ornamental  wrought  iron  have  been  used 
in  various  forms  for  many  years,  and  the  manufacturers  are  naturally 
anxious  to  know  of  every  development  and  advance.  We  have  not  yet 
reached  this  point,  and  such  elaborate  compilations  as  the  English  re- 
ports would  excite  but  little  interest  among  us. 

In  passing  through  the  north  of  Italy  a  day  was  devoted  to  the  inspec- 
tion of  the  marble-quarries  of  Carrara.  The  sight  is  a  wonderful  one. 
As  far  as  the  eye  can  reach,  in  all  directions,  the  hillsides  and  the 
stretches  of  level  ground  ar^  white  with  fragments  of  marble.  Every 
instant  the  explosion  of  a  mine  is  heard  in  one  direction  or  another,  and 
a  constant  saccession  of  heavy  wagons,  drawn  each  by  several  yoke  of 
oxen,  passes  along  a  deeply-rutted  road,  dragging  huge  blocks  of  marble 
to  the  workshops. 

Passing  through  the  town  itself,  one  finds,  in  almost  every  building, 
workmen  occupied  in  cutting  and  carving  these  blocks. 

The  writer  visited  many  of  these  buildings,  and  entered  into  conversa- 
tion with  the  men.  Some  were  working  upon  capitals  of  colupins,  others 
upon  monumental  work  for  cemeteries.  On  inquiry,  it  appeared  that  a 
very  large  percentage  of  the  work  was  being  prepared  for  shipment  to 
America.  After  leaving  Carrara,  in  a  railway-comparlment  with  a  very 
communicative  Italian,  much  information  was  obtained  about  the  quar- 
ries. He  stated  that  there  were  several  varieties  of  marble :  one  for 
building-purposes ;  a  second  used  for  ordinary  sculpture ;  and,  finally, 
an  exquisitely  fine-grained  stone,  that  was  unsurpassed  for  statuary. 
"  But,"  said  he,  "  you  are  certainly  an  American,"  and  he  at  once  re- 
commenced conversation  in  English,  and  stated  that  he  had  lived  some 
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ten  years  at  Brattleboroagh,  Yt,  where  he  had  worked  as  an  assistant 
in  Mr.  Meade's  stadio.  There,  by  a  strange  coincidence,  we  had  met 
years  before,  and  he  soon  recalled  the  occasion.  The  most  important 
fact  gathered  from  him  was  that  our  Vermont  marble  is  superior  to  the 
Italian  for  building-purposes. 

29.  The  point  which  we  wish  to  make  is  that  we  should  do  well  to  profit 
by  Buropean  experience,  and  should  turn  our  attention  from  flinty 
granite  to  softer  stone.  The  finest  public  buildings  in  Italy  are  of  mar- 
ble. Id  France,  general  use  is  made  of  the  yellow  Caen  stone,  which  is 
also  a  limestone,  while  the  peculiarities  of  the  geological  formation 
call  for  a  more  extended  use  of  brick  in  Prussia,  Holland,  and  England. 
Nowhere,  except  in  America,  is  cut  granite  used  in  mass  for  building- 
purposes.  Our  climate  is  such  that  marble  stands  very  well  without 
discoloration  if  one  may  judge  from  the  specimens  in  New  York. 

30.  A,  point  which  we  are  too  apt  to  neglect  in  the  use  of  stone  is  the 
necessity  of  placing  it  on  its  bed-surface,  or  with  its  strata  horizontal. 
The  brown  free-stone  so  common  in  our  cities  has  a  well-defined  strati- 
fication, and,  as  surely  as  the  layers  are  placed  vertically,  the  rain  and 
frost  enter  the  stone  and  split  it.  Thus  a  heavy  cornice  was  gradually 
sliced  off  and  finally  entirely  disappeared,  in  New  York,  and  careful 
inspection  of  almost  any  brown-stone  front  will  discover  indications  of 
the  neglect  of  this  precaution.  This  matter  is  so  important  for  the 
safety  of  pedestrians  that  it  would  be  well  to  notice  it  in  our  building- 
acts. 

31.  Stone-stairways  are  found  in  all  Vienna  buildings,  a  stringent 
law  reqairing  fire-proof  communication  between  attics  and  cellars.  The 
steps  are  made  of  single  blocks  of  stone,  built  in  generally  at  one  end 
only  in  the  masonry.  The  use  of  cement-blocks  for  this  purpose  has 
already  been  referred  to,  but  the  favorite  material  is  limestone  or  mar- 
ble. These  stairways  are  furnished  with  iron  or  stone  balusters ;  stone- 
passages  communicate  with  them,  and  the  whole  is  built  in  a  masonry- 
well.  The  sky-lights  opening  into  them  are  iron-framed^  and,  in  fact, 
this  is,  as  it  should  be,  the  most  substantial  and  fire-proof  portion  of 
every  building.  In  theaters,  where  large  throngs  of  people  are  upon  a 
stairway  at  the  same  moment,  a  somewhat  different  plan  is  followed. 
An  ascending  vault  is  sprung  between  two  stout  masonry- waifs  and 
the  stone-steps  are  supported  by  this.  It  is  hardly  conceivable  that  a 
fire  could  prevent  the  safe  exit  of  an  audience  when  these  precautions 
and  various  others  connected  with  the  illumination  and  stage-machinery- 
are  taken.  It  would  be  desirable  to  introduce  such  stairways  into  our 
large  hotels  and  factories  as  well.  Nor  could,  in  this  case,  iron  be  sub- 
stituted. If  cast  iron  were  used,  it  is  subject  to  the  disadvantages 
described  under  that  head  above,  and  wrought  iron,  while  less  substan- 
tial, is  probably  fully  as  expensive  as  masonry. 

32.  Woods. — ^The  woods  used  in  Vienna  for  internal  finish  are  marked 
by  a  finer  grain  than  our  black  walnut  and  ash.    Some  of  the  former 
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wood  was  exhibited ;  but  it  was  declared  by  the  native  joiners  to  be  too 
coarse  for  neat  work.  To  an  eye  accustomed  to  the  delicate  gradations 
of  color  of  much  of  the  foreign  decorations,  the  contrast  of  black  walnut 
with  white  plastering  is  very  harsh,  nor  does  it  harmonize  with  ash  or 
oak  alone.  Paneling  of  ash  in  a  black -walnut  frame  with  cherry-wood 
moldings  forms  a  much  pleasanter  combination.  Our  butternut  is  as 
pleasing  as  any  of  the  ordinary  foreign  varieties. 

33.  Very  elaborate  exhibitions  of  parquet  inlaid  floorings  were  made 
by  Hungarian  and  Austrian  firms.  These  do  not  consist,  as  with  us,  of 
a  quarter-inch  of  veneering,  but  are  an  inch  and  a  half  of  solid  wood. 
Some  of  the  combinations  were  very  pleasing. 

For  a  traveler  wishing  to  study  what  can  be  done  in  the  way  of  wains- 
coting, paneled  ceilings,  and  inlaid  woods,  the  writer  would  recom. 
mend  a  visit  to  Alnwick  castle,  the  seat  of  the  Duke  of  Northumber- 
land, between  York,  England,  and  Edinburgh,  whence  Lord  Percy 
went  out  to  the  battle  of  Chevy  Chase. 

34.  The  late  duke  imported  some  thirty  Italian  wood-carvers  from 
Bome  and  Sienna,  and  employed  them  for  nine  years,  in  connection  with 
a  host  of  native  workmen,  in  refitting  the  interior  of  the  castle.  View- 
ing it  externally,  one  would  not  dream  of  what  the  building  contains  } 
but,  once  inside,  the  eye  is  enchanted.  The  work  here  done  was  the 
means  of  educating  the  entire  neighborhood  in  wood-carving  and  join- 
ery. Schools  were  formed  taught  by  the  Italian  sculptors,  and  to-day 
the  people  of  Alnwick  number  among  them  many  of  the  most  skillful 
wood-carvers  of  Europe.  Our  Government,  or  some  of  our  rich  private 
citizens,  might  undertake  the  same  thing.  We  are  too  far  advanced 
to  day  to  look  upon  these  matters  provincially.  Much  has  been  effected 
in  England  by  the  liberality  of  the  rich  in  throwing  open  their  picture- 
galleries  and  private  collections  to  the  public.  The  attempt  to  improve 
them  in  their  handicrafts  would  be  a  step  further.  In  these  dull  times, 
anything  that  can  set  idle  hands  at  work  cannot  but  be  beneficial  to  the 
country.  It  seems  incredible  that  strong  men  willing  to  labor  should 
go  hungry  while  capital  lies  stagnant.  By  all  meaus  let  us  study  the 
result  of  foreign  experience  and  profit  by  it. 

35.  Carpentry  in  Austria  and  in  France  is  by  no  means  as  far  ad- 
vanced as  with  us.  The  vast  quantity  of  wood  growing  upon  our  conti- 
nent has  given  a  great  development  to  this  branch  of  industry ;  and  in 
our  wooden  bridges  and  other  constructions  we  are  quite  the  equals, 
it  not  the  superiors,  of  foreign  nations. 

30.  Framed  buildings  are  not  so  common  abroad  as  with  us ;  they  are 
to  be  found  almost  nowhere  except  in  Sweden  and  Switzerland.  A 
common  form  of  construction  is  a  frame-work  filled  in  with  brick,  show- 
ing the  timbers  between  the  latter.  This  is  called  in  England  half- 
timbered  work.  There  were  several  very  tasteful  structures  of  this  sort 
on  the  exhibition-grounds.  Among  them  was  one  built  by  the  Prince  of 
Schwarzenberg  to  contain  specimens  of  the  products  of  his  vast  domains. 
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The  timbers  were  in  this  case  charapfered,  arranged  in  regular  trass- 
work  patterns,  and  painted  a  burned  sienna  color,  which  contrasts  very 
neatly  with  brick.  These  buildings  are  so  common  abroad  that  I  am 
surprised  not  to  have  seen  more  of  them  in  this  country. 

37.  Floors  are  built  with  heavier  timber  than  with  us.  In  Yienua,  the 
ordinary  depth  of  the  principal  rooms  in  dwellings  is  22  feet ;  and,  for 
this  span,  beams  of  8  inches  by  6  are  used ;  these  support  joists,  upon 
which  the  flooring  is  nailed.  The  distance  apart  of  the  main  timbers  is 
2^  feet.  Very  often  boarding  is  nailed  to  their  lower  side  and  the  spaces 
between  them  then  filled  with  old  mortar,  plaster,  brick-dust,  or  some  simi- 
lar incombustible  substance,  to  a  couple  of  inches  above  their  upper 
surface.    In  this  mass  the  joists  are  imbedded. 

Sometimes  a  second  series  of  timbers  3  by  4  inches  in  size  are  placed 
below  this  flooring  and  built  in  separately  from  it!  These  receive  the 
laths  and  plastering  and  the  stucco-work.  Such  ceilings  cannot  be  sub- 
ject to  any  shock  given  the  floor  above,  and  the  plaster  does  not  crack 
upon  them.    They  are  also  nearly  sound-proof  and  flre-proof. 

Heavier  timbers  still  are  used  for  the  attic  flooring,  half  trees  being 
often  pinned  together  side  by  side  over  the  whole  extent,  and  above  all 
IS  laid  a  brick  pavement. 

The  law  further  requires  that  the  masonry  walls  shall  extend  6  inches 
at  least  above  this  pavement  before  receiving  the  plate  for  the  roof- 
timbers. 

38.  The  scaffoldings  are  much  more  substantial  than  with  us ;  per- 
haps we  might  think  unnecessarily  so.  Foreign  carpenters  depend  very 
little  upon  nails  in  any  of  their  work,  but  prefer  to  substitute  pins  of 
oak  and  heavy  iron  clamps. 

Nor  is  one  or  two  inch  stuff  at  all  common.  Theoretically,  a  joist 
measuring  12  inches  by  2  is  much  better  to  support  flooring  than  one 
measuring  9  by  3,  but  the  former  has  a  tendency  to  yield  laterally  which 
the  latter  has  to  a  less  extent,  even  where  bridging  is  used  at  frequent 
intervals.  We  reach  excessive  height  when  we  attempt  to  construct 
a  truss  50  feet  in  span  entirely  of  plank,  except  the  collar-pieces,  which 
are  of  board.  Something  of  this  sort,  of  equal  span,  having  a  rise  of 
only  2  or  3  feet  and  united  only  with  ten-penny  nails,  was  noticed  in  the 
Paine  memorial  building  in  Boston.  This  truss  is  said  to  have  so  unpleas- 
antly affected  the  inspector  of  public  buildings  in  that  city  that  he 
ordered  its  removal.    This  is  certainly  a  step  in  the  right  direction. 

39.  An  important  provision  in  Vienna  against  the  spread  of  fire  is 
the  substitution  of  brick  for  wooden  partition  walls.  It  is  astonishing 
to  glance  at  the  interior  of  some  of  our  great  buildings — in  which  cast- 
iron  columns  and  fronts  are  used — during  their  erection.  The  inside 
seems  literally  full  of  wood ;  ceilings,  floors,  and  walls,  before  plaster- 
ing, present  an  enormous  expanse  of  this  material,  here  used  in  the  worst 
possible  combination. 

In  the  great  fire  at  Boston,  the  destruction  of  such  buildings  was  the 
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work  of  only  a  few  instants.  The  iron  columns  became  red  hot,  bent 
and  gave  way,  and  the  roof  and  upper  stories  came  toppling  down  in  a 
blazing  mass,  endangering  the  lives  of  firemen  and  all  in  the  vicinity. 

Such  places  are  tinder-boxes  and  deserve  the  attention  of  legislators. 
It  is  to  be  hoped  that  the  history  of  Chicago  and  Boston  will  not  have 
to  be  repeated  before  we  learn  wisdom. 

However,  several  firms  in  our  country  are  manufacturing  blocks  of 
cheap  material  well  calculated  to  serve  for  fire-proof  partition-walls ; 
and  the  frequent  occurrence  of  brick- vaulted  ceilings  is  very  inspiriting. 
Still  better  would  be  the  introduction  of  thicker  walls,  capable  of  bus-. 
taining  vaults  built  of  masonry  and  without  the  use  of  iron.  In  Vienna, 
passages  are  frequently  covered  in  this  way,  and  in  the  music-hall  of 
that  city  all  the  rooms  of  the  lower  story  are  covered  by  vaults  sprung 
from  wall  to  wall.  Some  of  these  are  cylindrical ;  others  are  segments 
of  spheres  or  domes,  and  are  made  of  hollow  brick.  Our  building  acts 
are  certainly  improving,  but  they  are  still  far  from  perfect. 
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ARCHITECTURAL  ARRANGEMENTS  j  SANITARY  PRECAUTIONS. 

Peculiar  TYFss ;  Railway-stations  ;  Vienna  Opera-House  ;  Defects  of  American 
practice;  Drainage;  Milanese  Arcade;  Exchange  at  Brussels;  Location; 
Exhibition-buildings  ;  Landscape-gardening  ;  Defects  of  American  church- 
architecture  ;  Cultivation;  Training. 

40.  Many  foreign  cities  present  forms  of  building  which  are  un- 
known here.  Such  are  the  great  glazed  galleries  or  passages  of  Milan 
and  Brussels.  Hotels  and  public  buildings  are  also  constructed  around 
large  interior  glass-covered  courts,  reached  generally  by  a  carriageway. 

41.  We  have  as  yet  done  little  in  the  way  of  railway-stations  that  will 
bear  any  comparison  with  those  of  any  of  the  foreign  capitals.  Proba- 
bly the  finest  thing  of  this  sort  in  America,  in  comfort,  convenience,  and 
taste,  is  the  new  Providence  E.  B.  depot  in  Boston.  It  is  closely  modeled 
after  some  of  the  best  French  and  English  stations.  As  a  nation,  we  hope 
some  day  to  do  a  great  deal  that  is  original  and  good  in  the  way  of  archi- 
tecture, bat  at  present  our  only  hope  is  to  study  and  utilize  the  patterns 
given  us  by  European  experience.  Experience  alone  can  demonstrate 
what  is  useful,  and  generally  what  is  pleasing.  And  this  being  the 
thing  which  we  especially  lack,  the  most  rational  course  for  us  to  pursue 
is  to  study  it  where  its  effects  and  results  are  stored  up  for  us. 

42.  Many  elaborate  models  in  plaster  of  paris  of  the  most  important 
buildings  either  erecting,  projected,  or  recently  completed  in  different 
parts  of  Europe  were  conspicuous  objects  in  different  portions  of  the 
Vienna  Exhibition.  One  large  department  was  filled  with  Austrian 
plans  and  models. 

43.  Building  activity  ^n  Vienna,  as  well  as  in  Pesth  and  the  capitals 
of  the  other  Austrian  provinces,  has  of  late  years  been  intense.  Carried 
to  too  great  an  excess,  it'  was  the  cause  of  the  recent  money-panic  in 
Vienna.  There  are,  at  present,  in  course  of  erection  in  that  city  an 
academy  of  the  fine  arts,  a  town-hall  of  400  feet  front,  two  large  mu- 
seums, a  parliament  house,  aud  a  building  of  vast  extent  to  contain  all 
the  faculties  of  the  university.  The  general  plan  of  all  of  these,  with 
one  exception,  is  similar.  One  or  more  large  central  courts  afford  light 
to  the  interior  rooms,  and  are  admirably  fitted  for  the  location  of  court- 
rooms and  for  lecture-halls,  where  quiet  is  a  desideratum.  When  these 
courts  are  of  large  size,  say  60  feet  square,  the  sunlight  finds  direct  ac- 
cess to  many  portions  of  tlie  building  from  which  it  is'excluded  with  us. 

44.  The  styles  of  these  buildings  are  all  different.  The  renaissance, 
Gothic,  Greek,  and  Roman  architectures  are  all  to  be  represented  in  their 
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purity,  and  each  bailding  is  intrusted  to  a  master  who  has  made  one  of 
these  schools  his  specialty.  Some  $20,000,000,  at  the  lowest  estimate, 
will  be  required  for  their  completion. 

45.  Of  the  buildings  already  erected  in  Vienna,  the  Opera-House 
above  all  others  deserves  especial  notice.  After  the  new  Paris  Opera- 
House,  this  is  the  first  structure  of  the  kind  in  the  world.  The  taste 
and  magnificence  of  the  interior  are  admirable,  and  the  most  ample 
precautions  are  taken  to  guard  againt  fire.  Numerous  stone  stairways 
lead  to  all  portions  of  the  house,  and  vaulted  passages  give  access  to 
these.  The  stage  is  surrounded  by  masonry,  with  tiers  of  stone  and. 
brick  galleries  from  which  numerous  streams  of  water  can  be  directed  at 
a  moment's  notice  upon  the  scenery  and  scaffoldings.  An  ample  foyer 
offers  an  agreeable  promenade  to  the  audience  during  the  intermissions, 
while  the  comfort  and  roominess  of  the  seats  deserve  all  praise.  Here, 
something  has  been  done  to  please  the  eye  and  to  elevate  and  refine 
the  taste  of  the  public,  who  are  not  merely  treated  as  individuals  from 
whom  money  is  to  be  extracted.  The  arrangements  for  ventilation  and 
the  preservation  of  an  equable  temperature  are  also  excellent^  and  at 
the  close  of  a  performance  the  auditorium  is  not  sensibly  warmer  than 
at  the  commencement. 

For  this  purpose,  steam-engines  are  employed  pumping  in  fresh  air 
and  drawing  off  that  which  is  vitiated  as  fast  as  its  vitality  is  exhausted* 

46.  Where  the  government  undertakes  the  erection  of  these  buildings 
for  public  purposes,  the  best  results  can  be  much  more  readily  attained 
than  where,  as  with  us,  they  are  left  to  private  enterprise.  Yet  even 
in  our  country  restrictions  and  wise  laws  can  be  productive  of  much 
good.  Precautions  against  the  spread  of  fire,  regard  for  the  safety  of 
the  public  in  the  condemnation  of  improper  forms  of  construction,  and 
the  introduction  of  sanitary  measures  to  insure  cleanliness  and  the 
proper  access  of  sun-light  and  air  are  all  desirable. 

47.  We  are  very  careless  in  America  about  the  location  of  water- 
closets  in  buildings.  These  are  to  be  seen  in  many  hotels  and  theaters 
far  in  the  interior,  removed  from  all  possibility  of  ventilation.  The 
building-laws  of  Vienna  may  teach  us  a  lesson  in  this  respect.  All 
rooms  devoted  to  this  purpose  must  have  a  sufficient  number  of  win- 
dows opening,  not  into  other  apartments,  but  directly  into  the  outer  air. 

48.  We  have  also  much  to  learn  in  the  matter  of  drainage.  Our  cess- 
pools, loosely  built  without  mortar,  allow  all  liquids  to  filter  directly 
into  the  surrounding  soil,  where,  after  this  excellent  disinfectant  has 
become  saturated,  they  distribute  their  emanations  and  pollute  all 
springs  and  wells  for  many  yards  around,  causing  typhoid  fever  and 
epidemics.  The  proper  substitute  for  this  is  a  closely-cemented  recep- 
tacle which  should  be  frequently  emptied. 

As  yet  we  have  found  this  latter  expedient  too  expensive  and  trouble- 
some, and  it  looks  as  if  a  plague  might  be  necessary  to  bring  us  to  our 
senses. 
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The  waste  of  useful  fertilizing  matter  it  is  hardly  within  my  province 
to  treat;  but  a  great  deal  in  this  respect  can  be  learned  of  the  Chinese, 
whose  older  civilization  has  taught  them  economy  in  this  important 
matter.  English  firms  are  already  bidding  for  the  sewage  of  St. 
Petersburg,  and  other  cities,  which  they  will  deodorize  and  probably 
find  as  profitable  as  guano. 

49.  But  returning  to  the  architectural  models:  First  was  noticeable 
in  the  rotunda  the  glass-covered  passage  of  Milan.  This  is  the  largest 
and  finest  in  the  world,  and  can  be  easily  described  as  a  broad,  hand- 
some street  of  fine  buildings,  of  equal  height,  from  whose  cornices  iron 
girders,  stretching  across  the  way,  carry  a  glass  roof.  The  lower  stories 
are  shops  and  coffee-houses,  and  the  whole  forms  an  agreeable  retreat 
in  rainy  weather  for  promenaders  dnd  for  ladies  intent  on  shopping. 
It  is  not  accessible  to  carriages,  and  the  great  expanse  of  its  tessellated 
pavement  afifords  room  for  a  l^rge  number  of  pedestrians.  It  abounds 
in  pleasing  architectural  decoration,  a  rich  play  of  color,  sculpture,  and 
painting. 

50.  Another  model  in  the  rotunda  was  of  the  new  Exchange  at  Brus- 
sels, one  of  the  finest  modern  buildings  of  Europe,  and  the  first  of  its 
class  in  existence.  The  building  itself  was  visited  at  a  later  period,  and 
the  writer  can  attest  the  magnificence  of  its  inner  fittings  and  its  com- 
modiousness  and  accessibility  by  various  entrances,  standing,  as  it  does, 
disengaged  in  the  center  of  a  square. 

51.  This  position  is  certainly  the  proper  one  for  all  important  build- 
ings. Much  of  the  imposing  appearance  of  Paris  is  owing  to  the  skillful 
location  of  its  finest  structures,  at  the  junction  of  several  streets.  A 
view  is  thus  gained  of  their  proportions  from  various  points,  and  they 
are  easily-discoverable  and  conspicuous  landmarks.  The  custom  of 
laying  out  our  American  cities  like  the  squares  of  a  checker  board,  as  in 
New  York  and  Philadelphia,  renders  this  impossible,  at  present,  with 
us.  To  view  our  churches  and  finest  structures  it  is  necessary  to  cross 
the  street  and  raise  the  head  painfully,  while  in  the  narrower  streets  their 
architectural  effect  is  entirely  lost.  How  imposing  is  the  approach  to 
the  Madeleine,  to  the  Gare  du  Nord,  or  to  the  new  Opera-House  in  Paris ; 
and  the  Arc  de  Triomphe  arrests  the  eye  on  entering  any  one  of  the 
numerous  avenues  which  radiate,  star-like,  from  it  as  a  center. 

52.  The  Viennese  models  included  the  buildings  before  referred  to,  and « 
must  have  been  prepared  at  great  expense.  The  new  Town-Hall  by  the 
German  leader  of  gothic  architecture,  Mr.  Schmidt,  is  in  many  respects 
an  originally-conceived  structure,  and  is  familiar  to  the  readers  of  the 
London  Architect  and  Building  News.  It  is  supposed  that  ten  years 
will  be  occupied  in  building  it.  One  of  the  most  pleasing  effects  of  the 
architecture  of  Vienna  arises  from  the  uniformity  in  height  of  the  build- 
ings on  the  principal  streets,  and  their  wide  fronts,  presenting,  some- 
times for  200  feet,  the  same  unbroken  lines  of  cornices  and  windows. 
Acyoining  buildings  vary  sufficiently  in  architectural  detail  to  avoid 
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monotony,  but  an  attempt  is  generally  made  to  carry  certain  imi)ortant 
lines  across  an  entire  block.  There  are  thas  a  majesty  and  repose  in  her 
great  thoroughfares  that  are  entirely  lacking  in  such  districts  as,  for  in- 
stance, the  rebuilt  portion  of  burned  Boston.  There  a  thousand  varie- 
ties of  taste  have  been  allowed  to  run  riot,  and  in  general  our  tendency 
is  to  attract  attention  by  giving  to  our  particular  building  a  greater 
height  than  its  surrounding^  or  by  varying  its  architecture  and  its  ma- 
terial as  much  as  possible  from  the  ordinary  style.  Thus  have  arisen 
those  strange  productions  of  wild  fancy,  the  Tribune  and  the  Western 
Union  Telegraph  building.  New  York. 

53.  A  little  farther  down,  on  the  east  side  of  Broadway,  the  Equitable 
Insurance  Company,  formerly  possessing  one  of  the  most  dignified  and 
imposing  fronts  of  New  York,  is  now  emulating  these  rivals  by  the  addi- 
tion of  an  abnormal  roof,  containing  a  ninth  and  a  tenth  story,  while  the 
harmony  of  the  design  is  impaired  by  achange  of  the  architect  in  the  midst 
of  the  work.  This  latter  building,  however,  is  a  fine  instance  of  what 
American  enterprise  can  achieve  when  it  is  for  its  interest  to  put  forth 
its  powers.  8ix  elevators  mount  to  the  height  of  150  feet,  making  the 
upper  stories  as  accessible  as  the  ground-floor,  while  the  fine  ranges  of 
ofiices,  though  commanding  very  large  rents,  are  all  occupied,  and  pay  a 
handsome  return  on  the  capital  expended.  No  business-building  in  En- 
rope  can  compare  with  this  in  convenience  and  comfort,  nor  so  admira- 
bly fulfils  its  design.  It  is  also  satisfactory  to  know  that  it  is  as  nearly 
fireproof  as  it  can  be,  having  an  iron  roof,  stone  stairways,  and  masonry 
elevator- wells  built  on  the  exterior,  as  the  law  requires. 

54.  The  buildings  upon  the  Exhibition-grounds  will  be  so  fully  de- 
scribed in  special  reports  that  nothing  need  be  said  of  them  here, 
except  that  the  plan  was  not  as  well  adapted  as  that  in  Paris,  in  1867, 
for  viewing  the  products  of  the  different  countries  in  groups.  Some  of 
the  entrances  were  very  imposing;  but,  from  the  great  height  to  which 
they  were  carried,  they  completely  over  towered  the  buildings  them- 
selves, and  did  not  seem  to  be  organic  parts  of  them.  The  rotunda,  de- 
signed by  J.  Scott  Russell,  of  London,  was  a  grand  achievement  of  en- 
gineering, and  will  doubtless  be  fully  described  in  the  proper  place. 

55.  One  of  the  most  pleasing  features  of  the  whole  exhibition  was  the 
landscape-gardening  and  general  laying  out  of  the  grounds.  Avenues 
lined  with  shade-trees  led  to  the  main  entrances,  and  frequent  fountains 
cooled  the  air  and  pleased  the  eye.  Great  stretches  of  lawn  and  flower- 
beds added  to  the  park-like  eflect  of  the  whole. 

56.  The  writer  has  probably  shown,  thus  far  in  this  report,  that  we 
have  a  great  deal  to  learn  from  the  other  side  of  the  water.  We  doubt- 
less teach  the  world  much  that  is  valuable  by  many  of  our  productions. 
Our  suspension-bridges  and  many  of  our  engineering  achievements  are 
warmly  praised  abroad,  but  there  is  no  doubt  that  in  artistic  effect  we 
are  yet  far  in  the  rear.  Before  closing  this  paper  the  writer  wishes  to 
refer  to  a  few  other  points  in  building-matters  in  this  country,  and  to  com- 
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pare  onr  efforts  with  similar  foreign  ones.  The  point  to  be  made  is  that 
neither  the  pablic  nor  oar  professional  men  are  as  yet  sufficiently 
trained  to  creditably  meet  the  problems  before  ns. 

Of  late  years  a  large  number  of  churches  have  been  erected  in  onr 
rapidly-growing  cities.  The  new  region  upon  the  Back  Bay  district  in 
Boston  contains  many  of  these  structures,  and  in  New  York  the  upper 
parts  of  Fifth  and  Madison  avenues  have  offered  locations  tor  a  corre- 
sponding number.  It  is  extraordinary  how  few  of  these  will  bear  criti- 
cism. In  some  the  architects  have  been  so  engrossed  in  their  studies  of 
frescoing  aod  colored  glass  that  they  have  forgotten  utility.  The  cler- 
gyman's voice  is  often  inaudible  even  in  the  front  pews,  and  either 
almost  total  darkness  or  a  dazzling  flood  of  light  interferes  with  the 
comfort  of  the  congregation. 

The  matter  of  acoustics  is  one  that  of  late  years  has  made  but  little 
advance,  but  certainly  such  great  defects  in  hearing-properties  as  are 
present  in  some  of  our  new  edifices  could  have  been  avoided.  M.  Gar- 
nier,  the  architect  of  the  new  Opera  House  in  Paris,  has  written  a  very 
interesting  pamphlet  on  the  subject  of  theaters.  He  maintains  that  it 
is  always  possible  to  predict  before  the  erectioii  of  a  building  whether 
it  will  be  acoustically  good  or  bad.  As  regards  the  architectural  appear- 
ance of  these  churches,  a  tendency  is  noticeable,  as  in  the  secular  struc- 
tures I  have  spoken  of  above,  to  strive  after  novelty  of  form  and  effect. 
Now  all  critics  agree  that  what  is  new  has  always  been  of  slow  growth, 
and  that  whenever  an  attempt  is  made  to  strike  out  abruptly  into  a  new 
path  the  result  is  a  failure. 

57.  A  great  deal  that  is  old  in  Europe  is  new  to  us ;  and  if  novelty  is 
our  object,  we  should  do  better  to  study  this  than  to  attempt  to  create. 
In  design  there  is  no  doubt  that  whatever  is  produced  owes  its  origin, 
in  great  part,  to  the  remembrance  of  something  seen  before.  Let  us 
then  look  at  what  is  good  in  training  onr  hand  and  eye,  rather  than  at- 
tempt to  rake  up  from  the  store-houses  of  our  memory  what  we  have 
imbibed  we  know  not  how  or  where. 

58.  Again,  we  are  much  inclined,  as  a  people,  to  set  at  work  with  all 
energy,  before  the  matter  in  hand  has  received  the  proper  considera- 
tion. Then,  when  all  is  completed,  we  often  wish  that  we  had  gone  to 
work  in  an  entirely  different  manner.  Thus,  the  Back  Bay  district  of 
Boston  h^ts  been  rapidly  covered  with  palatial  residences,  at  the  expense 
of  many  millions  of  dollars,  until,  to-day,  no  similar  tract  can  be  found 
in  the  entire  world  which  can  exhibit  an  equal  number  of  people  living 
in  luxury,  with  all  their  surroundings  rich  and  in  keeping.  But  sud- 
denly— only  fifteen  years  since  the  whole  was  a  tract  of  water — the 
owners  of  these  residences  regret  that  the  bay  was  not  filled  in  to  a 
height  of  several  additional  feet.  Drainage  will  probably  have  to  be 
assisted  by  steam-pumps ;  while  some  predict  that,  from  the  unhealthy 
condition  of  the  district,  the  whole  must  be  raised  or  ultimately  aban- 
doned as  a  dwelling-place. 


26  VIENNA   INTERNATIONAL   EXHIBITION,    1873. 

Again,  after  the  fire  in  the  same  city,  many  of  the  streets  were 
widened,  but  only  to  a  slight  extent.  Washington  street,  the  principal 
thoroughfare,  was  increased  in  width  at  certain  points  by  3  or  4  inches. 
The  day  will  soon  come  when  we  shall  wish  that  it  had  been  widened 
by  a  great  many  more  feet. 

In  all  these  matters  some  more  efficient  supervision  of  the  Govern- 
ment is  called  for.  We  have  inspectors  of  buildings;  but  their  number 
appears  insufficient  or  they  are  not  properly  trained  for  their  positions. 
A  case  illustrating  in  a  marked  manner  this  truth  is  that  of  Dr.  Sail's 
church,  on  Fifth  avenue,  ITew  York.  This  building  had  nearly  reached 
completion  when  the  parish  was  informed  that  the  main  front  projected 
beyond  the  sidewalk-line  by  a  short  distance  and  that  the  whole  must 
be  pulled  down.  This  could  only  have  occurred  through  the  negligence 
of  the  surveyor,  of  the  inspector,  or  of  the  architect.  The  inspector  was, 
in  any  case,  evidently  to  blame.  In  a  similar  case  in  Vienna,  where  a 
company  engaged  in  building  a  new  theater  had  transgressed  in  the 
same  way,  the  matter  was  settled  for  a  small  fine,  the  government 
tacitly  acknowledging  that  it  was  itself  to  blame  for  not  arresting  the 
work  at  an  earlier  stage. 

59.  We  have  before  referred  to  the  part  played  by  the  rich,  in  England 
and  elsewhere,  in  improving  the  taste  of  the  people.  Foreign  govern- 
ments have  considered  it  as  necessary  to  establish  academies  of  the  fine 
arts  and  art-museums  as  military  and  naval  schools.  In  the  former 
institutions  the  young  are  taught  painting,  sculpture,  architecture,  and 
engraving;  and  from  the  study  of  the  museums  they  receive  the  inspira- 
tion necessary  for  the  production  of  works  of  merit.  Libraries  contain- 
ing standard  works  on  art,  and  the  numerous  art-periodicals  published 
in  London,  Paris,  Berlin,  Vienna,  and  Stuttgardt,  are  connected  with 
them.  Here,  also,  photographs  of  buildings,  paintings,  and  engravings 
are  to  be  found,  and  are  open  to  the  inspection  of  the  student  and  of 
the  public.  Lectures  are  delivered  at  frequent  intervals,  and  prizes  are 
offered  to  the  students,  many  of  them  being  in  the  form  of  scholarships, 
enabling  them  to  travel  for  several  years  in  Italy  and  Greece.  The 
most  prominent  graduates  of  these  institutions  are  intrusted  with  gov- 
ernmental works,  and  no  worker,  whatever  be  his  position,  is. expected 
to  undertake  any  labor  without  having  previously  received  the  proper 
training.  Still  more,  in  the  advancement  of  art,  England  and  (Germany 
have  sent  workmen  to  Italy  to  model  in  plaster  the  entire  fronts  of  the 
most  famous  buildings  of  antiquity,  in  order  to  still  further  enrich  their 
museums.  In  the  South  Kensington  Museum,  at  Loudon,  the  results  of 
such  work  upon  the  front  of  the  famous  Certosa,  near  Pavia,  are  to  be 
seen  reproduced  in  terra  cotta.  We  have  no  antique  remains  in  America ; 
but  we  can  certainly  supply  their  place  in  this  manner.  Thus  artists 
are  educated  abroad  and  are  qualified  to  produce  monuments  which 
will  command  the  admiration  of  posterity. 

How  interesting  is  a  visit  to  Bouen  or  Ohartres,  in  France,  or  to  any 
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of  the  old  capitals  of  Italy.  The  oye  is  eiicbauted  by  beauty  and  rich- 
ness of  form  and  color  on  every  side;  bat  who  is  charmed  or  inspired 
by  a  stay  in  our  Washington,  after  the  novelty  of  the  impression  pro- 
duced by  the  great  size  and  cost  of  our  Government  structures  has 
passed  away  f  It  is  hard  for  those  of  us  who  have  passed  all  our  lives 
iu  America  to  picture  what  might  be  done  in  these  matters;  and  yet 
few  of  us  fail  to  be  delighted  on  viewing  the  great  works  of  the  Old 
World.  There  the  whole  atmosphere  changes.  Money-getting  is  low- 
ered to  a  less  prominent  position  in  every-day  life.  The  intense  hurry 
which  wears  us  out  and  leads  us  constantly  to  overstep  our  mark  is  no 
longer  to  be  noticed.  Mature  deliberation  precedes  every  important 
movement.  In  art,  the  attempt  is  made  to  have  a  reason  and  an  object 
for  every  step  taken.  Meaningless  ornamentation  is  avoided  and  every- 
thing fulfills  some  end.  Our  school  lies  open  to  us.  Let  us  first  take 
in  all  that  our  masters  can  teach  us;  and  then,  and  not  till  then,  let  us 
attempt  to  improve  upon  them. 
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WOOD-INDUSTRIES. 


CHAPTER  1. 

AMERICAN  EXHIBITS  AND  METHODS. 

The  American  exhibit;  Awards;  Carriage- wheels ;  Furniture;  Wood-work- 
ing machinert;   Carriages;   Mosaics;   Effects  of  hygroscopic  changes 
Double  windows  in  cold  climates;  Seasoning. 

1.  The  American  exhibit  in  Group  YIII  was  extremely  deficient.  Oar 
people  work  wood  with  as  great,  if  not  greater,  facility  than  those  of  any 
other  country,  if  we  leave  out  of  consideration  the  finer  artistic  carving, 
inlaying,  and  mosaics.  It  should,  however,  be  remembered  that  we  had 
several  large  and  excellent  exhibits  of  wood-work  that  were  ruled  oat 
of  this  group,  under  the  regulation  that  no  article  could  be  entered  for 
a  premium  in  two  groups.  There  was  the  school-house  with  its  furni- 
ture, and  school-furniture,  in  considerable  variety,  in  the  educational 
department.  They  were  excellent  of  their  kind.  In  the  exhibits  of 
other  countries,  these  were  classed  in  Group  YIII.  Then,  there  were 
musical  instruments,  consisting  of  two  very  large  exhibits  of  cabinet- 
organs,  the  cabinet-work  of  one  of  which,  at  least — ^that  of  Messrs.  Mason 
&  Hamlin,  of  Boston — woald  have  taken  an  award  for  its  good  work- 
manship and  fine  designs,  as  well  as  its  solidity  of  construction —which 
latter  was  abundantly  shown  by  the  manner  in  which  it  had  withstood 
changes  of  climate — ^if  it  were  not  for  the  other  reasons  given.  Both 
houses  having  exhibits  in  this  line  benefited  by  the  exhibition  in  the 
receipt  of  orders.  Some  good  work  was  shown  in  the  piano-forte  cases 
from  New  York,  contributed  by  Steck,  which  fully  sustained  the  repu- 
tation of  fine  American  wood- work. 

Premiums  were  awarded  to  the  following  American  exhibitors :  George 
W.  Howe,  of  Cleveland,  Ohio,  vent  and  bung,  diploma ;  Pope  Brothers  & 
Krugman,of  Cincinnati,  Ohio,  lacquered  gilt  and  black- walnut  moldings, 
medal  of  progress ;  John  G.  Davis,  of  Philadelphia,  Pa.,  carriage-wheels 
and  stock,  medal  for  good  taste ;  Wheeler  and  Wilson  Cabinet  Com* 
pany,  of  Indianapolis,  Ind.,  veneers,  medal  of  progress  ^  Charles  Weeks 
&  Co.,  of  New  York  City,  wheels,  medal  of  progress  5  United  States  gun . 
stocks,  Springfield  Armory,  medal  of  progress  j  Woodburn  Savern  Wheel 
Company,  of  Indianapolis,  Ind.,  wheels,  medal  of  progress  ^  A.  S.  Parks, 
of  Winchendon,  Mass.,  pails,  medal  of  progress;  B.  F.  Sturtevant,  of 
Boston,  Mass.,  machine  peg-wood,  medal  for  good  taste. 

It  will  be  seen,  on  examination,  that  America  received  more  medals 
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in  this  group  than  were  awarded  to  England ;  the  latter  being  only 
ahead  in  haying  one  diploma  of  honor. 

2.  The  large  preponderance  in  exhibits  of  wheels  is  explained  by  the 
fact  that  wheels  were  shipped  largely  from  the  United  States  to  all 
parts  of  Europe,  even  to  Vienna.    We  do  not  know  to  what  extent  the 
trade  in  American  wheels  was  increased  by  the  exhibition ;  but  they 
were  greatly  admired  by  the  jury,  and  our  "  beautiful  hickory  wheels'' 
were  frequently  alluded  to  by  them.    The  American  carriage- wheel  is  a 
production  which  we  can  justly  pride  ourselves  upon.    It  is  so  con- 
structed as  to  combine  a  maximum  of  strength  with  a  minimum  of 
weight.    This  result  is  obtained,  in  a  measure,  by  the  wood  employed, 
and  by  the  manner  of  using  it,  the  bent  rim,  and  the  setting  of  the 
spokes  in  the  hub  in  such  a  way  as  to  present  a  plane  disk  instead  of  a 
concave  w)ieel,  as  in  the  case  of  all  European  wheels.    Our  spokes  are 
either  set  so  as  to  present  a  large  base  of  support  at  the  hub,  or  they 
are  supported  by  iron  flanges  upon  their  sides.    To  illustrate  the  superi- 
ority of  the  American  over  the  European  wheel,  it  may  be  shown  that, 
while  the  American  wheel  can  be  fixed  upon  an  axle  which  will  allow  it 
to  run  free  in  a  vertical  position,  the  dishing  European  wheel  must  be 
set  under,  or  '^  striickj^  in  order  to  bring  its  rim  in  contact  with  the 
earth  vertically  under  the  center  of  the  hub,  in  which  position  it  can 
never  run  so  free  as  if  made  to  run  on  a  perfectly  horizontal  axis.    This 
may  be  a  small  matter  in  light  wheels  with  narrow  rims ;  but  with  wide 
rims,  like  those  exhibited  in  the  English  Agricultural  Hall,  where  wide- 
rimmed  wheels  were  shown  that  were  made  quite  conical,  the  result 
would  be,  in  draught,  a  tendency  in  each  wheel  to  roll  off  outward  in  a 
•circle,  and  considerable  power  would  have  to  be  constantly  exerted  to 
keep  them  in  a  straight  line.    A  remarkable  instance  was  shown  in  an 
English  steam-roller  and  road-engine,  where  the  forward  roller  consisted 
of  two  conical  sections^placed  upon  an  axle,  the  large  ends  abutting,  so 
as  to  make  a  straight  line  at  the  bottom  and  open  at  the  top  in  the 
center,  to  receive  the  transom-bolt  or  vertical  shaft  used  to  steer  by.    It 
can  readily  be  conceived  that  it  would  take  a  considerable  force  to  make 
these  two  conical  cylinders,  each  2^  feet  long,  roll  in  a  straight  line. 
Just  imagine  the  success  of  any  effort  to  make  one  of  these  conic  sec- 
tions roll  otherwise  than  in  a  circle,  without  a  dragging  force  arising 
somewhere. 

3.  It  is  to  be  regretted  that  some  of  our  best  furniture-makers  were 
not  represented.  Some,  it  is  true,  made  entries,  but  their  goods  were 
never  shipped,  it  seeming  to  require  but  little  to  discourage  them  when 
there  was  no  hope  of  gaining  trade. 

The  wood-working  machinery  and  tools  in  the  United  States  section 
were  excellent,  if  not  numerous.  Mr.  Park,  of  Winchendon,  Mass., 
exhibited  a  full  set  of  pail-making  machinery  (made  by  B.  D.  Whitney, 
of  the  same  place)  in  full  operation  at  first ;  but  from  some  misunder- 
standing their  operation  was  afterward  suspended,  much  to  our*regret. 
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The  articles  here  produced  were  eagerly  sought  after  for  the  museums 
in  difEerent  parts  of  Europe.  The  water-pail  of  the  continent  is  flat  and 
high,  and  is  carried  upon  the  back  with  shoulder-straps,  and  has  a  cover 
to  keep  it  from  slopping  over.  Bailey's  planes  and  other  tools  were  also 
eagerly  sought  after  for  the  technological  schools.  Two  English  Arms, 
as  agents  for  American  manufacturers,  exhibited  in  the  department  of 
the  United  States  a  large  collection  of  American  axes,  scythes,  and 
other  tools,  showing  that  the  direction  of  trade  in  this  line  has  been 
reversed.  Mr.  Whitney,  of  Winchendon,  Mass.,  made  the  principal  dis- 
play of  wood-working  machinery ;  it  was  declared  by  a  large  Austrian 
manufacturer  ^^  fit  to  kiss,"  so  great  was  his  admiration  of  it.  Many 
requests  were  made  to  be  allowed  to  make  drawings  of  the  different 
machines,  which  were  all  met  in  a  commendable  spirit  by  Mr.  Whitney, 
who  gave  all  perfect  liberty  to'make  such  drawings  as  they  pleased ; 
feeling,  no  doubt,  that  in  any  event  he  could  compete  with  their  best 
skill  in  manufacturing. 

A  light  open  buggy,  from  California,  was  shown,  which  was  beauti- 
tifnlly  finished  in  the  natural  wood,  and  ornamented  with  inlay,  in  lines 
of  mosaic,  on  the  black-walnut  body.  Two  other  attempts  were  made 
at  inlaid  work :  one  was  in  cabinet-organs,  with  only  moderate  success, 
and  at  a  cost  entirely  disproportionate  to  the  results  obtained ;  the  other 
was  a  lady's  dressing  and  sewing  case  in  fine  marquetry,  with  fair  suc- 
cess, but  in  such  bad  taste  as  to  gain  no  award.  The  designs  on  the 
latter  were  of  a  patriotic  character,  mingled  with  the  emblems  of  war, 
which  would  have  been  more  appropriate  for  a  shooting-case.  We  may 
expect  to  make  little  progress  in  the  production  of  articles  of  taste  and 
fancy  in  wood  until  we  learn  to  produce  the  real  French  polish ;  for  in 
no  other  way  can  such  articles  be  finished  with  sufficient  neatness  to 
compete  with  the  European  makers.  We  are  aware  that  the  opinion 
prevails  that  this  polish  will  not  stand  our  climate;  but  tbe  same  opinion 
once  prevailed  in  England.  This  prejudice  must  have  been  removed  in 
that  country,  if  we  may  judge  by  the  samples  of  French  polish  exhibited 
in  Yienna  by  English  makers.  These  were  i-eally  better  than  those  pro- 
duced in  France. 

4.  We  will  state  here  some  of  the  conclusions  derived  from  experience 
and  observation  in  the  manufacture  of  woods.  The  hygroscopic  char- 
acter of  wood  is  such  that  any  change  in  the  relative  humidity  of  the 
atmosphere  must  act  upon  the  manufactured  article  to  shrink  or  to 
swell  it.  This  is  a  law  as  fixed  as  that  of  gravitation.  The  question, 
then,  is,  Under  what  condition,  as  to  relative  humidity,  should  such 
artides  be  made!  In  Europe,  the  necessity  of  economy  of  heat  is  such 
that  the  people  use  the  least  possible  amount  of  fuel,  as  may  be  seen  by 
examining  their  porcelain  stoves ;  and  they  accustom  themselves  to  live 
in  a  temperature  that  is  much  lower  than  the  people  of  our  country  like 
in  their  houses ;  the  air  is  therefore  much  drier.  From  Kussia,  south- 
ward, until  we  reach  a  line  where  little  or  no  artificial  heat  is  needed  for 


8  VIENNA   INTERNATIONAL   EXHIBITION,    1873. 

comfort,  every  appliance  is  used  to  reduce  the  amount  of  fuel  consumed 
to  a  minimum  quantity ;  thick,  heavy  walls  are  made  for  houses ;  double 
windows  are  adopted,  and  apartments  are  dose.  The  temperature  of 
European' houses  and  workshops  being  much  lower  than  ours,  the  air  is 
consequently  more  heavily  charged  with  moisture.  When,  therefore, 
we  import  the  furniture  of  Europe  and  place  it  in  our  American 
furnace-heated  houses,  where  the  air  is  exceedingly  dry,  there  must  of 
necessity^be  a  change  in  its  condition — a  shrinkage  must  occur.  From 
personal  observation,  we  should  say  that  Boston  houses  in  the  winter- 
season  average  as  low  as  25  per  cent,  of  saturation,  and  in  the  coldest 
weather  it  is  often  as  low  as  15  per  cent.  We  have  seen  a  parlor  in 
Boston  at  a  temperature  of  85^,  with  but  15  per  cent,  moisture  in  its 
air,  and  young  and  healthy  persons  therein  complaining  of  the  cold  and 
calling  for  more  heat. 

6.  This  brings  up  a  very  important  subject,  which  we  very  much 
regret  we  cannot  here  make  more  than  a  passing  allusion  to,  and  that 
is  the  necessity  in  our  northern  country  of  adopting  a  system  of  double 
windows  for  our  dwelling-houses.  We  should  be  astonished  if  our 
inquiries  in  this  direction  led  us  to  the  discovery  that  75  per  cent,  of 
the  heat  of  our  rooms,  which  is  lost  by  our  single  windows  in  the  winter- 
season,  could  be  saved  if  these  windows  were  provided  with  double 
sashes.  During  the  cold  weather,  there  will  always  be  found,  no  matter 
how  tightly  or  closely  the  sashes  are  fitted  and  protected  with  weather- 
strips, a  draught  of  cold  air  falling  downward.  This  arises  from  the 
contact  of  the  heated  air  with  the  cold  glass,  which  renders  the  air 
cooler  and  heavier,  and  causes  it  to  fall.  The  air,  at  the  same  time, 
parts  with  a  considerable  proportion  of  its  moisture  by  condensation 
upon  the  glass.  The  cold  air  thus  formed  falls  to  the  floor,  forming  a 
layer  of  cold  air,  which  surrounds  the  feet  and  legs,  while  the  upper 
part  of  the  body  is  enveloped  in  overheated  air.  The  layers  of  cold 
and  warm  air  in  an  apartment  will  not  mix.  The  warm  air  will  not 
descend,  and  the  cold  air  cannot  go  upward,  e:£cept  the  one  is  deprived 
of  its  heat  by  radiation,  and  the  other  receives  its  heat  by  actual  con- 
tact with  a  heated  surface.  This  radical  difference  in  the  upper  and 
lower  strata  of  atmosphere  of  the  rooms,  in  which  our  people  live  during 
the  cold  season,  is  the  prolific  cause  of  most  of  the  throat  and  lung  dis- 
eases with  which  they  are  afflicted.  Double  windows  to  our  houses, 
therefore,  would  not  only  be  a  great  economy  as  to  fuel,  but  highly  con- 
ducive to  human  longevity. 

6.  We  have  seen  the  cabinet-maker  in  Vienna  working  in  a  damp 
cellar  making  articles  of  furniture.  We  have  seen,  in  Florence,  men 
making  fine  carvings  and  the  finest  of  wood-work  in  damp,  vaulted 
rooms,  under  an  old  cathedral.  Now,  the  question  naturally  occurs, 
why  should  not  both  the  makers  and  consumers  of  wood-work  know  a 
little  more  of  the  laws  of  nature,  and  of  the  relative  conditions  of  the 
air  they  work  in  and  that  in  which  their  customers  live,  so  that  such 
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stapid  mistakes  as  have  been  made  shall  not  be  agaia  made  in  the 
fataref  And, again,should  not  our  common  schools  teach  a  little  more 
of  hygrometry,  and,  if  necessary,  a  little  less  of  sidereal  astronomy ! 

The  principle  here  noted  could  be  seen  illustrated  in  the  Palace  of 
Indostry  at  Vienna,  where  the  products  of  all  countries  were  collected 
and  where  were  plainly  visible  the  effects  of  difference  in  the  condition 
of  the  air  from  that  of  the  atmosphere  of  the  places  in  which  they  were 
made.  An  elegant  inlaid  table  was  shown,  the  foundation  of  which  had 
become  warped,  showing  through  the  veneering  that  the  boards  of  which 
it  was  made  were  sawed  from  small  trees  without  reference  to  the  grain. 
As  a  consequence,  the  outline  of  every  board  employed  was  visible 
through  the  fine  marquetry. 

7.  There  is  still  much  to  be  learned  in  the  treatment  of  timber,  and 
its  conversion  into  shapes  for  use  in  the  finer  and  more  costly  work  of 
cabinet-making.  The  old-fashioned  way  of  sawing  for  such  purposes  has 
been  proved  to  be  entirely  wrong.  Trees  are  made  up  of  a  number  of 
alternate  layers  of  growth,  forming  rings  around  the  center ;  each  ring 
representing  a  year's  growth.  Besides  these  rings,  there  are  radial 
lines  running  from  the  center  outward,  like  the  spokes  of  a  wheel,  which 
are  known  as  medullary  rays.  Boards  sawed  from  a  green  log  contain 
a  large  amount  of  moisture,  which,  on  exposure  to  the  air,  they  readily 
part  with,  losing  bulk  by  shrinking.  While  this  fact  is  well  known,  the 
direction  of  the  line  of  such  shrinkage  is  not  quite  so  familiar.  It  may 
be  thus  explained  :  Wood  being  a  fibrous  substance,  with  bundles  of 
such  fibers  placed  lengthwise,  in  shrinking  these  fold  and  crowd  in  upon 
each  other,  and  the  whole  board  visibly  contracts.  The  important  point 
to  be  noted  here  is  that  the  direction  of  shrinkage  is  invariably  at  right 
angles  with  the  radial  medullary  rays.  The  best  way,  therefore,  to  saw 
a  log  for  lumber  for  furniture,  or  other  nice  work,  is  from  the  circumfer- 
ence to  the  center,  in  the  way,  to  use  a  familar  illustration,  that  clap  - 
boards  are  now  sawed  out.  Boards  sawed  in  this  way  cannot  warp. 
The  shrinkage  is  from  the  surface  inward,  and  evenly  along  the  surface. 
A  knowledge  of  this  fact  may  enable  wood-workers  generally  to  make 
articles  that  will  stand  any  climate  different  from  their  own,  and  no 
other  method  will  serve  in  its  stead. 

In  OUT  own  country,  there  is  still  a  great  deal  of  ignorance  in  regard 
to  the  proper  means  of  drying  lumber  by  artificial  heat.  It  is  so  com- 
mon as  to  bave  become  a  usage  to  put  in  wet  lumber  at  one  end  of  the 
dry-house  and  take  out  seasoned  lumber  at  the  other  end,  that  we  can- 
not wonder  at  the  general  want  of  confidence  in  this  system,  or  rather 
want  of  system,  in  drying  lumber.  There  are  those  who,  in  addition  to 
the  absurd  practice  mentioned,  utterly  ignore  the  necessity  of  ventilation 
in  their  dry-houses,  while  others  have  their  ventilators  in  the  roof. 
This  is  all  wrong.  The  dry-house,  in  the  first  place,  should  be  divided 
into  compartments  and  ventilated  at  the  bottom,  so  as  to  utilize  the 
heat  and  equalize  the  process  of  drying.    The  progress  of  this  w  ork  of 
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drying  conld  be  easily  measared  by  a  hygrometer,  and  the  process  con- 
cluded when  the  degree  reached  was  equal  to  its  probable  exposure, 
which,  as  we  hare  seen,  in  a  furnace-heated  house  may  be  equal  to  20 
per  cent  of  saturation. 

8.  In  connection  with  this,  it  may  be  stated  that  a  new  method  of 
seasoning  has  been  perfected,  which  is  so  simple  and  effective  that  it 
must  become  universal  where  the  requisite  conditions  can  be  obtained. 
This  new  method  is  the  invention  of  Mr.  George  Woods,  of  Cambridge, 
Mass.,  and  may  be  thus  described :  The  room  to  be  used  is  made  tight, 
and  is  heated  best  by  steam,  though  it  can  be  otherwise  heated.  One 
side  of  the  room  is  made  into  a  condenser  by  coils  of  pipes  through  which 
a  stream  of  cold  water  circulates  continuously,  cooling  their  surface,  and 
keeping  it  so  much  below  the  temperature  of  the  room  that  the  moist- 
ure, which  is  rapidly  drawn  from  the  wet  lumber  by  heat,  is  as  quickly 
condensed.  Underneath  is  a  gutter,  into  which  the  vapor  thus  con- 
densed falls  and  is  carried  off  in  the  shape  of  water.  If  the  tempera- 
ture of  these  condensing  pipes  can  be  kept  at  say  40^  Fahrenheit,  and 
that  of  the  atmosphere  be  raised  to  90^,  it  will  not  require  a  long  time 
to  reach  a  degree  of  20  per  cent,  of  saturation,  when  the  work  of  drying 
is  thoroughly  completed.  As  the  process  described  is  the  very  best  yet 
known,  and  as  it  leaves  literally  no  room  for  improvement  in  the  process 
of  lumber-drying,  it  has  only  to  become  known  to  be  generally  adopted. 

9.  Messrs.  Jackson  &  Graham,  of  London,  England,  show  the  best 
attention  to  matters  pertaining  to  the  proper  treatment  of  wood.  Their 
works  are  very  extensive,  and  will  be  referred  to  again.  For  the  foun- 
dation of  such  work  as  is  veneered,  they  use  only  San  Domingo  mahog- 
any, and  only  such  as  will  work  with  the  surface  in  the  direction  of  the 
medullary  rays.  At  the  exhibition,  they  showed  several  pieces  of  oak- 
work,  in  every  part  of  which  this  rule  was  adhered  to.  They  make  dado- 
work,  selecting  their  stock  with  the  same  care  that  a  cooper  would  ex- 
hibit in  selection  for  a  specimen  of  his  art. 

An  American  merchant,  with  more  enterprise  than  knowledge  of  the 
rules  to  be  observed  in  cutting  lumber,  had  sent  to  a  Vienna  maker  a 
quantity  of  piano-sounding-boards  stuff,  which  the  latter  declined  to  use, 
or  pay  for,  or  to  tell  why.  The  writer  was  called  in  as  an  expert,  and  saw 
at  once  that  the  stock  was  badly  manufactured,  especially  in  regard  to 
the  direction  of  the  grain.  European  sounding-boards  are  gotten  out 
with  great  care;  they  are  always  split  so  as  to  insure  straight  grain,  and 
surfaces  exactly  correct  as  to  the  direction  of  the  medullary  ray.  The 
mortification  of  the  American  piano-maker  at  Vienna  would  have  been 
saved  by  adhering  to  this  rule.  We  need  to  be  educated  to  the  fact 
that  this  is  the  most  beautiful  grain  of  wood,  because  most  durable. 
There  were  many  interesting  examples  of  this  in  the  wood-work  of  the 
exhibition.  Proper  attention  to  this  matter  would  aid  very  much  in 
making  parquetry  that  would  be  satisfactory  in  our  climate. 
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CHAPTER  II. 

DETAILED  REPORT  ON  EXHIBITS. 

Classification;  Building;  Veneers;  Parquetry  and  marquetry;  Cooperage; 
Wood-carving  ;  Furniture  ;  Fancy  goods  ;  Machine-made  articles  ;  Willow- 
ware  ;  Wood  for  musical  instruments  ;  Conclusion. 

10.  Having  disposed  of  preliminary  and  general  matters  which  it  has 
been  deemed  necessary  to  treat  of  in  this  report,  we  will  now  proceed  to 
give  a  detailed  account  of  the  wood-industries  of  the  varioas  countries  as 
exhibited  in  Group  YIII,  together  with  such  statistics  of  their  extent 
and  general  character,  and  matters  of  interest  as  were  observed  or 
learned  with  reference  to  them,  and  which  were  of  sufScient  interest  to 
be  noted.    The  group  in  question  was  classified  as  follows : 


1.  For  building  purposes. 

2.  Veneers. 

3.  Parquetry  and  marquetry. 

4.  Cooperage. 

5.  Wood-carving. 


6.  Furniture. 

7.  Fancy  goods. 

8.  Machine-cut  articles. 

9.  Willow-ware. 

10.  Woods  for  musical  instruments. 


It  would  extend  this  report  to  voluminous  dimensions  were  we  to 
attempt  to  enumerate  all  the  firms  in  this  group  and  their  exhibits.  We 
will  therefore  only  mention  some  of  those  to  whom  diplomas  of  honor  and 
medals  of  progress  were  awarded,  and  some  of  those  whose  position  on 
the  jury  debarred  them  from  competition.  We  will  take  up  each  of  the 
ten  classes  in  its  order. 

Class  1.— Foe  building  purposes. 

11.  The  objects  belonging  to  this  class  were  to  be  seen  in  and  around 
the  many  buildings,  pavilions,  and  huts  which  surrounded  the  larger 
exhibition-buildings. 

Bark  &  Warburg,  of  Goteborg,  Sweden,  exhibited  a  hunting-pa- 
vilion of  peculiar  construction,  for  which  they  held  letters  patent  in 
their  own  country.  They  were  reputed  to  be  doing  an  extensive 
domestic  and  export  business  in  sashes,  doors,  blinds,  and  shingles. 
Their  capacity  for  making  doors  was  stated  to  be  1,000  per  week.  Their 
foreign  markets  are  in  Korth  Germany,  Belgium,  France,  and  England. 

The  pavilion  used  as  a  Swedish  restaurant  was  constructed  by  A.  O. 
Haneborg,  of  Christiania,  Norway.  This  was  a  very  pretty  frame-build- 
ing, with  elaborate  machine-carving  in  its  interior. 

The  Parquet  and  Chalet  Factory  of  Interlaken,  Switzerland,  con- 
tributed a  Swiss  ixame-cottage  of  their  own  make,  which  was  used  as  a 
school-house  and  as  the  commissioners'  quarters.  This  was  one  of  the 
best  Swiss  buildings  exhibited. 

Of  shingles,  there  was  no  great  variety  shown;  but  most  of  the  coun- 
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tries  of  Europe  exhibited  them,  showing  that,  though  seldom  meb  with 
in  the  large  cities,  they  are  still  iu  use  iu  the  country  districts.  In  size, 
they  are  75  centimeters  (30  inches)  long,  1  thick,  (y^  inch,)  and  10  (4 
inches)  wide,  and  cost  about  35  cents  per  hundred.  The  average  price 
in  Austria  ranges  from  5  to  7  florins  per  thousand.  European  shingles 
are  usually  grooved  on  one  side  and  tongued  on  the  other  to  fit  closely. 
They  are  also  split  so  that  their  surface  is  in  the  direction  of  the  me- 
dullary ray.  The  Austrians  have  a  method  of  preserving  shingle-roofs, 
which  should  be  known  in  this  country,  where  so  many  roofs  of  this 
kind  are  in  use,  rotting  away  from  year  to  year  for  the  want  of  some 
€heap  and  effective  method  of  preserving  them.  In  Austria,  after  the 
shingles  are  laid,  a  composition  of  coal-tar,  powdered  quicklime,  and 
fine  sand  is  spread  evenly  over  them  like  paint,  and  forms  an  excellent 
protection  against  decay.  Where  tar  has  been  applied  in  this  country, 
it  has  been  found  that  the  pyroligneous  acid  which  it  contains  injures 
the  wood  ;  but  the  Austrian  plan  remedies  this,  the  quicklime  mixed 
with  the  tar  neutralizing  the  acid  by  its  alkaline  properties. 

The  Schwarzenberg  domains  in  Austria  produce  250,000  shingles  a 
year,  and  Hungary  750,000.  These  totals,  however,  will  seem  small 
beside  the  products  of  some  of  our  American  shingle-makers.  In  Aus- 
tria, I^orway,  Sweden,  and  Bussia,  Ganglofif's  shingle-machine  is  in 
extensive  use.    It  is  used  to  a  very  limited  extent  in  other  countries. 

In  Norway,  there  were  said  to  be  645  saw-mills,  employing  about 
10,000  men,  and  usually  driven  by  water-power.  Germany  produces 
very  little  wood  for  building  purposes.  The  oak-forests  of  that  country 
are  very  largely  drawn  upon  for  railway-ties ;  it  is  estimated  that  about 
one  and  a  half  millions  of  oak-trees  were  used  in  the  construction  of 
their  railways,  which  require  for  repairs  the  additional  saorifice  of  some 
150,000  of  these  trees  annually.  This  drain  has  so  enchanced  the  value 
of  oak-wood  as  to  force  the  authorities  to  look  for  substitutes  for  it  in 
the  softer  woods ;  these  are  prepared  to  resist  decay  by  impregnation 
with  bichloride  of  mercury,  and  are  said  to  answer  quite  well. 

In  the  finer  descriptions  of  house- work,  the  French  no  doubt  excel. 
This  fact  was  well  exhibited  in  a  door  contributed  by  Bertrand,  of  Paris, 
which  was  placed  in  the  pavilion  occupied  by  the  French  commissioners. 
This  door  was  elaborately  carved  and  ornamented  with  wrought-iron 
angles  and  fastenings  in  the  style  of  Louis  XIII. 

Spain  and  Italy,  it  would  appear,  rely  mostly  on  other  countries  for 
their  styles  and  matters  connected  with  the  wood-work  of  houses. 

The  flat-boats  on  the  river  Danube  are  made  tight  in  their  joints  with- 
out the  use  of  tar,  pitch,  or  oakum.  The  joints  of  the  planking  are  bev- 
eled so  as  to  receive  between  them  a  kind  of  reed,  which  is  pressed  into 
the  seam,  and  held  there  by  clasp-like,  double-pronged  nails,  which  not 
only  press  the  caulking-material  into  the  seams,  but  keep  the  planks 
together,  making  them  almost  as  strong  at  the  joints  as  they  are  else- 
where. Such  a  system  of  securing  joints  in  planking  would  reduce  the 
necessity  of  excessive  strength  in  frames  of  river-boats. 
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Class  2.— Veneers. 

12.  Nearly  all  countries  were  represented  in  this  department  of  wood- 
work, bat  only  one  firm  was  fortunate  enough  to  secure  a  medal  of  prog- 
ress— G.  C.  Bartels  &  Sons,  of  Hamburg.  It  may  be  proper  here  ta 
remark  that,  while  veneers  are  manufactured  in  all  the  great  centers  of 
wood-furniture  industry  in  Germany,  they  yet  lack  our  system  of  quick- 
working  planing-machines,  which  give  to  the  work  so  fine  an  appear- 
ance. 

In  behalf  of  Austria,  the'^Princes  Schwarzenberg  exhibited  a  fine  as- 
sortment of  veneers,  cut  to  one-third  inch  in  thickness,  from  all  classes 
of  Austrian  forest-wood.  In  addition  to  this,  the  Austrian  department 
exhibited  a  large  number  of  veneers.  In  Vienna,  there  are  some  six  or 
seven  veneer-factories,  of  which  that  of  C.  Dosz  is  the  most  notable. 
There  is  also  a  large  manufactory  of  veneers  in  Pesth,  Hungary. 

Switzerland  must  be  credited  with  the  contribution  of  some  very  fine 
specimens ;  the  firm  of  J.  Pays  &  Son,  of  Luzern,  sent  superior  exhibits 
of  walnut  veneers. 

Sweden  exhibited  only  oak  and  beech  veneers,  which  were  cut  in  the- 
technical  factory  of  Kulla. 

Bossia  produces  veneers,  but  exhibited  none. 

Spain  and  Portugal  exhibited  nothing  in  this  class.  These  countries 
look  to  foreign  markets  altogether  for  their  veneers. 

Sweden  was  credited  with  importing  yearly  from  Germany  about 
150,000  pounds  of  veneers  of  the  finer  woods,  such  as  mahogany  and 
rosewood,  and  80,000  pounds  of  oak  and  elm.  There  is  a  factory  in 
Stockholm,  (Ekmann's,)  which  is  said  to  produce  annually  some  60,000- 
ponnds  of  veneers  in  different  kinds  of  wood. 

Class  3.— Parquetry  and  marquetry. 

13.  To  commence  with  parquetry.  If  the  proper  wood  is  selected  and 
laid  with  due  regard  to  the  running  of  the  grain,  that  is,  in  the  direction 
of  the  medullary  ray  of  the  wood,  it  may  overcome  the  dif&culties  ex- 
perienced in  our  climate  with  this  and  other  kinds  of  fine  wood-work. 

Tasson  &  Washer,  of  Brussels,  Belgium,  are  undoubtedly  the  manu- 
facturers of  the  best  parquetry,  and  next  in  rank  stood  the  Parquet  and 
Chalet  Factory  of  Interlaken,  Switzerland. 

In  Austria  and  Hungary,  there  are  large  numbers  of  these  factories, 
and  there  is  hardly  a  house  of  recent  construction  that  has  not  parquet- 
floors.  These  floors,  with  few  exceptions,  are  pretty  nearly  all  alike  in 
design  and  construction.  This  work  is  very  expensive  if  executed  in 
rich  patterns  with  rare  woods,  but  oak  parquetry,  which  is  most  common,, 
costs  from  10  to  14  florins,  or  $5  to  $7,  per  square  of  8  square  feet. 

Germany,  as  yet,  produces  very  little  parquetry,  except  in  the  southern 
X)ortion  of  the  empire.  In  the  north,  it  is  as  yet  considered  an  article  of 
luxury.    In  France,  Italy,  and  Belgium  the  same  is  as  true  as  of  North 
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Germany;  only  the  wealthier  classes  availiDg  themselves  of  it.    The 
article  in  these  countries  is  still  very  costly. 

Marquetry  is  occasionally  introduced  in  parquetry. 

In  the  Boyal  Palace  of  Pesth,  the  floor,  which  had  been  laid  many 
years  before  in  parquetry  of  the  Moorish  style,  in  bent  wood,  by  the 
Thonet  Brothers,  had  to  be  repaired,  owing  to  enlargement  of  some  of 
the  apartments ;  but  the  pattern  was  of  so  difficult  a  nature  that  no  one 
would  undertake  the  work  except  the  Thonets,  (who  had  discontinued 
this  branch  of  their  business,)  who  soon  successfully  completed  it  under 
great  difficulties,  having  to  draw  upon  the  resources  of  all  their  factories 
for  fragments  of  bent  wood  required. 

In  Austria,  an  industry  exists  which  is  entirely  new  to  Americans. 

Two  firms  in  Vienna  manufacture  inlaid- wood  mosaic  veneers,  to  be  used 

for  inlaying  furniture  of  all  descriptions,  more  especially  for  use  on  small 

tables  with  round  or  square  tops.  Ladies'  fans  are  also  made  out  of  this 

material. 
In  England,  the  firm  of  John  E.  Clarke  has  factories  in  London  and 

Tunbridge  Wells,  making  elegant  mosaic  fancy  articles.      England, 

France,  Italy,  Spain,  and  Portugal  use  a  great  deal  of  marquetry  in 

their  furniture. 

Class  4.— CoopERAaE. 

14.  In  Switzerland,  we  find  an  industry  entirely  peculiar  to  that  coun- 
try. The  firm  of  Berger  Brothers,  in  Thai,  Bern,  exhibited  pails,  milk- 
vessels,  churns,  and  apparatus  for  cheese-making,  which  were  really 
meritorious. 

Austria  produces  a  peculiar  vessel,  a  kind  of  pail,  to  carry  water  in, 
which  is  also  used  very  considerably  by  women  of  the  laboring  class  for 
carrying  coal,  fruit,  and  linen.  It  is  intended  to  be  carried  on  the  back 
by  shoulder-straps. 

There  were  three  immense  butts,  or  vats,  on  exhibition,  one  of  which 
held  3,000  eimer,  equal  to  30,000  gallons,  another  25,000  gallons,  and  the 
third  20,000  gallons.  They  had  all  been  sold  to  proprietors  of  large 
vineyards.  They  were  perfect  masterpieces  of  cooperage,  and  showed 
that  their  makers  must  have  had  extensive  works.  Some  very  fine 
specimens  of  wine  and  beer  barrels  were  also  shown.  One  exhibitor 
showed  wine-barrels  of  a  novel  shape,  being  in  some  respects  the  reverse 
in  shape  of  those  in  ordinary  use,  that  is,  concave  in  the  center  and 
widening  toward  the  ends,  somewhat  like  an  hour-glass.  The  inventor 
claimed  that  by  this  shape  he  could  save  space  in  stowage.  Karl  Drex- 
ler,  of  Vienna,  exhibited  some  very  well  finished  and  well  constructed 
oval  and  octagon  shaped  barrels.  There  was  also  shown  a  barrel,  of 
excellent  workmanship,  in  which  to  keep  wine  cool.  It  was  an  expen- 
sive affair.  There  were  also  to  be  seen,  quite  a  novelty  in  their  way, 
Hungarian  drinking-flasks  and  canteens,  made  of  wood  and  bound  with 
hoops. 
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The  Germans  manufacture  their  own  beer  and  smaller  wine  barrels, 
in  some  cases,  by  machinery.  They  make  in  this  way,  however,  large 
numbers  of  barrels  for  packing  purposes — ^the  machines  used  being 
American.    Much  of  this  class  of  work,  however,  is  still  done  by  hand. 

Wooden  clogs,  or  shoes,  except  in  Italy  and  Holland,  have  mostly 
gone  out  of  fashion,  as  has  also  wooden  kitchen-ware — such  as  dishes, 
salt-boxes,  and  ladles — which  latter  are  now  altogether  replaced  by  tin- 
ware. 

There  is  an  article  of  wooden  ware  in  general  use  throughout  Austria 
and  Southern  Germany,  which  may  be  properly  mentioned  here — 
wooden  boxes,  made  of  thin  strips  of  machine-cut  and  planed  wood, 
about  one- third  of  an  inch  in  thickness,  bent  in  circular  or  oblong  form, 
with  rounded  edges,  and  with  bottoms  and  covers  of  the  same  material, 
well  adapted  for  collar-boxes.  JVloritz  Saxl,  of  Boskawitz,  Austria,  was 
the  maker  of  those  exhibited.  The  strips  of  wood  from  which  these 
boxes  were  made  are  sold  in  the  forest-mills  of  Austria  and  Bohemia  at 
very  low  prices.  The  strips  are  often  used  for  hoops  of  sieves  and  for 
drums. 

Sweden  exported,  in  the  year  1871,  two  million  pieces  of  oak,  and 
seventeen  million  beech  and  other  staves,  of  which  latter  class  England 
took  thirteen  million,  and  Norway,  Denmark,  and  Eussia  the  remainder. 

Italy,  France,  and  Belgium  showed  no  articles  of  cooperage. 

Class  5. — WooD-cARviNa. 

15.  Italy  excelled  in  this,  as  in  many  other  departments  of  art.  Lui  gi 
Frnllini,  of  Florence,  and  Gav.  Gio.  Bat.  Gatti,  of  Borne,  received  the 
highest  award  for  their  exhibited  works.  The  exhibits  of  these  manu- 
facturers were  the  most  beautiful  of  their  kind ;  the  scenes  and  figures 
represented  were  of  the  highest  style  of  art.  An  Italian  pear- wood 
tablet,  representing  <^ Spring,"  was  bought  for  the  Museum  of  Edinburgh, 
Scotland,  for  5,000  francs. 

Switzerland  and  Austria  ranked  next  in  art-carving  on  wood.  In 
Switzerland,  however,  wood-carving  is  more  of  a  trade  than  an  art. 
Small  carved  Swiss  cottages,  and  articles  carved  in  pear-wood,  were  the 
most  notable. 

The  Austrian  (Tyrol)  productions  were  better  and  more  pretentious  • 
they  were  representations  of  festive  scenes,  Tyrolese  pictures,  and  cop- 
ies in  wood  of  historical  and  other  paintings. 

China  and  Japan  excel  in  carving,  in  their  peculiar  style,  in  ivory 
and  bamboo.  The  art  of  carving  is  also  largely  practiced  in  France, 
Belgium,  and  Germany. 

The  house  of  Heinr.  Ad.  Meyer,  of  Hamburg,  is  the  most  extensive 
dealer  in  ivory  and  its  substitutes  on  the  continent  of  Europe.  Theirs 
is  also  the  most  extensive  manufactory  of  piano-keys,  billiard-balls,  and 
knife-handles  in  the  world. 
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Class  6.— Furnituee. 

16.  The  exhibit  of  articles  ia  this  class  was  probably  more  extensive 
than  in  any  other  in  the  exhibition;  it  was  almost  boundless  in  quan- 
tity and  variety.  The  manufacture  of  furniture  is  very  extensively 
pursued,  both  in  Germany  and  Austria,  and  has  been  brought  to  great 
perfection  in  design  as  well  as  workmanship.  The  work  in  these  coun- 
tries is  usually  done  by  machinery,  and  they  can,  not  only  compete  with 
other  nations  at  home,  but  are  enabled  to  export  very  largely. 

One  of  the  most  notable,  and  to  the  American  most  interesting,  kinds 
of  furniture  is  that  which  is  called  bent-wood  ware.  It  is  to  be  met 
with  all  over  Germany  and  Austria,  principally  in  the  form  of  chairs, 
lounges,  and  lighter  furniture.  It  is  remarkable  for  its  neatness,  clean 
finish,  light  lines,  great  strength,  and  its  very  few  joints.  This  reduc- 
tion in  number  of  joints  is  accomplished  mainly  by  bending  the  wood 
used,  so  as  to  require  as  few  pieces  as  possible.  An  ordinary  chair 
contains  only  six  pieces  besides  the  cane  seat,  and  is  an  article  which 
has  no  superior  in  its  way.  The  construction  of  this  furniture  became 
an  object  of  great  interest  to  the  writer,  and  he  was,  therefore,  glad  to 
accept  an  invitation  to  join  an  expedition,  provided  by  the  liberality  of 
the  vice-president  of  the  grand  jury,  Mr.  Joseph  Thonet,  to  some  of  the 
factories  of  his  firm — situated  in  Koritschau,  Bistritz,  Hallenkan,  (all 
in  Moravia,)  and  Great  Ugrocz,  (in  Hungary) — which,  together  with 
their  twenty  auxiliary  establishments,  employ  5,200  work-people,  male 
and  female,  and  require  motive  power  to  the  extent  of  440  horse-power. 
Our  visit  extended  to  Great  Ugrocz  and  Bistritz.  At  the  former  place, 
there  are  thirty  thousand  acres  of  mountain  beech-forest.  Beech  is  the 
only  kind  of  wood  used  in  the  furniture  in  question,  for  which  use  it 
seemed  to  be  excellently  adapted.  The  trees  being  felled,  the  tops  are 
removed  and  made  into  charcoal  for  use  in  the  glass-works  of  Bohemia. 
The  trunks  are  hauled  to  the  mills,  and  sawed  into  planks  of  suitable 
thickness  by  gang-saws.  The  planks  are  in  turn  ripped  up,  with  circu- 
lar saws,  into  square  pieces  for  turning.  If  intended  for  the  back  and 
hind  legs  of  a  common  chair,  which  are  composed  of  only  one  piece,  the 
square  piece  of  proper  length  is  put  into  a  kind  of  gauge-lathe,  which 
does  its  work  very  rapidly,  and  varies  the  size  where  needed.  The 
ordinary  dowel-lathe  is  used  for  pieces  of  uniform  size,  such  as  the 
hoops,  which  are  placed  inside  of  the  legs  to  stay  them,  instead  of 
straight  pieces  or  rungs.  These  hoops  in  the  bent-wood  chairs  are 
so  placed  as  to  make  it  impossible  to  put  the  feet  on  them  at  any 
time.  After  being  rounded  as  required,  the  wood  is  steamed  in  the 
green  state  for  twenty-four  hours  in  boilers  adapted  to  the  purpose. 
It  is  then  taken  out  and  bent  to  the  shape  desired,  on  a  cast-iron 
frame,  by  hand.  If  intended  for  the  seat,  the  piece  is  first  strapped 
with  iron  on  its  outside,  so  that  the  bending  shall  be  a  process  of 
compression  lengthwise  rather  than  an  expansion.    It  is  then  attached 
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by  one  end  to  a  pattern  fastened  to  a  turn-table,  the  other  end  being 
held  by  a  chain  wound  upon  a  drum,  to  which  is  applied  a  brake  so 
as  to  regulate  the  tension  with  which  the  piece  is  delivered  to  the  pat- 
tern. The  turn-table  is  then  set  in  motion,  and  winds  the  wood  upon 
its  own  form.  If  designed  for  a  scroll,  the  pattern  may  be  complicated 
and  in  several  pieces,  which  are  put  in  place  at  the  proper  time  in  the 
progress  of  the  rotation.  If  for  a  double  scroll,  two  of  the  tension- 
bands  are  employed.  Much  ingenuity  is  shown  in  devising  these  pat- 
terns and  the  mode  of  working  them.  The  pattern  is  of  cast  iron^  and 
the  article  bent  to  its  shape  is  fastened  to  it,  and  so  remains  until  the 
drying  process  has  so  far  progressed  that  the  wood  will  remain  fixed  in 
the  shape  thus  given  it.  Steam-heat  is  used  for  drying.  When  thor- 
oughly dry,  the  parts  are  forwarded  to  the  filing  or  racing  shop,  where 
they  are  clamped  to  a  bench  and  filed  all  over  with  great  care,  and  sand. 
papered.  This  work  is  largely  done  by  females.  The  work  is  now 
ready  to  be  stained  and  French-polished,  each  piece  being  done  sepa- 
rately. This  process,  in  my  opinion,  is  the  most  important  one  in  the 
Austrian  bent-wood  art,  and  lio  imitation  will  be  a  success  without  it. 
This  work  of  staining  and  polishing  is  also  done  by  females  for  the  most 
part.  The  pieces  are  clamped  to  a  bench,  and  each  person  has  as  many 
pieces  in  progress  at  a  time  as  will  dry,  as  she  rapidly  passes  over  them^ 
in  time  for  the  next  round.  The  process  of  polishing  is  one  in  which 
the  sense  of  touch  is  an  important  element  in  the  skill  employed ;  and 
this  can  only  be  acquired  by  considerable  experience. 

The  next  thing  is  the  setting  up.  This  is  done  by  having  a  frame  which 
will  hold  the  several  parts  in  their  proper  places  at  the  points  of  con- 
tact, and  where  a  firm  connection  is  to  be  made  a  saw  of  the  proper 
thickness  is  passed  between  the  pieces,  making  even  surfaces  for  a  joint. 
At  such  joints,  glue  is  applied,  and  the  parts  are  secured  firmly  with  ordi- 
nary wood-screws  or  small  bolts.  The  common  chair  is  made  to  be  taken 
apart  for  packing — the  front  legs  and  seat  in  one  piece,  the  back  in 
another,  the  hoops  for  legs,  &c.,  the  third.  Three  dozen  of  these  chairs 
are  packed  in  a  medium-sized  box;  they  are  sent  to  all  parts  of  the 
world. 

The  operations  described  are  those  used  in  producing  only  the  sim- 
plest and  commonest  chair  of  this  class  of  manufacture,  and  are  given 
only  to  show  the  process  of  making,  which  can  be  extended  to  the  most 
elaborately  ornamented  and  complicated  work  of  this  kind. 

To  show  how  wonderfully  this  system  of  bending  wood  into  shape  can 
be  utilized;  it  may  be  stated  that  the  Thonets  exhibited  at  Vienna  a 
chair  made  from  a  single  piece  of  wood  36  feet  long,  including  seat  as 
well  as  frame;  the  bending  and  combination  into  the  shape  required 
was  a  work  of  extreme  ingenuity,  and  it  was  calculated  most  admirably 
to  give  an  idea  of  the  ductility  of  wood  when  properly  treated.  About 
fifty  varieties  of  chairs  are  made  by  the  firm  in  question,  ranging  in 
price  from  3  to  25  florins,  (a  florin  is  equal  to  50  cents  of  American 
2  w  I 
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money ;)  tbirteen  kinds  of  sofas,  from  14  to  3d  florins ;  eight  styles  of 
tables,  from  26  to  48  florins ;  piano-stools,  foot-stoois,  &c.,  were  also 
shown  in  great  variety.  They  also  exhibited  quite  a  variety  of  fancy 
work,  twisted  pillars,  and  cornices,  indicating  the  great  range  of  appli- 
cation of  this  industrial  process. 

The  common  furniture  of  Austria  is  extremely  monotonous  in  appear- 
ance; and,  although  neat  and  well  made,  the  diagonally- veneered  mar- 
gins of  the  panels  are  uniformly  surrounded  with  a  kind  of  flute  or  thumb- 
molding,  which  makes  it  appear  that  the  general  style  is  subordinated 
to  the  finish.  French  polish  is  universally  used  for  finishing,  and  it 
makes  even  the  commonest  work  look  very  neat  In  the  better  grades 
of  furniture,  however,  much  variety  and  invention  is  shown. 

What  seemed  very  commendable  in  the  exhibition  was  that  the 
upholsterer  and  furniture-manufacturer  had  been  allowed  to  exhibit 
together.  By  this  arrangement,  room  after  room  was  shown  completely 
furnished,  the  articles  being  all  in  harmony  one  with  the  other,  and  the 
general  effect  heightened  by  the  arrangement  of  a  thin  screen  of  cotton 
spread  over  the  top  of  the  inclosure  fitted  as  a  room,  to  tone  the  light 
without  dimming  it  materially. 

Some  of  these  inclosures,  or  room^,  were  quite  unique  in  their  arrange- 
ment. In  one  of  them,  a  smoking-room,  the  carpet,  wallpaper,  and 
curtains  had  the  tobacco-leaf  worked  into  the  design.  The  renaissance 
style  was  prominent  in  the  best  work,  showing  how  intimate  are  its 
relations  to  modern  art. 

It  may  here  be  remarked  that  the  question  of  good  taste  in  style  and 
make-up  was  held  paramount  in  (leciding  awards  of  premiums  in  this 
group.  It  was  extremely  difficult  at  first  to  decide  in  what  good  taste 
really  consisted,  after  having  so  long  heard  the  French  styles  and  makes 
extolled  as  models  of  good  taste.  Now,  however,  we  are  inclined  to 
think  that  this  standard  is  not  the  correct  one ;  it  is  too  elaborate  and 
ornate  to  satisfy  American  taste.  Indeed,  it  may  be  said  that  the 
French  exhaust  art  in  their  efforts  after  the  new,  the  strange,  the  gro- 
tesque, and  the  beautiful.  Some  pieces  of  salon  furniture  exhibited  by 
M.  Chistofle,  the  great  Parisian  manufacturer  of  fine  bronzes,  were  so 
heavily  and  elaborately  covered  with  silver,  gold,  ivory,  and  bronze 
ornamentation  as  to  afford  a  remarkable  instance  of  the  excesses 
referred  to.  The  French  fashions  of  furniture  have  long  been  regarded 
by  the  nations  of  Europe,  excepting  perhaps  Great  Britain,  as  the 
perfection  of  art.  With  Americans,  the  tendency  is  very  much  in  the 
same  direction,  and  good  taste  is  sacrificed  to  circumstances  connected 
with  a  certain  branch  of  our  industry.  In  other  words,  it  would  appear, 
that  our  styles  of  ornamentation  in  furniture  are  now  adopted  more 
with  reference  to  the  capacity  and  peculiarities  of  our  universal  wood- 
molding  machines,  than  to  real  beauty  and  to  the  other  attributes  of 
good  taste. 
Before  concluding  this  digression,  it  may  be  stated  that  the  furniture  of 
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all  Goantries  exhibited  was  generally  made  for  actual  use,  and,  with  the 
exception  of  some  Italian,  French,  and  German  work,  could  be  seen  in 
couDterpart  everywhere  on  the  continent,  at  the  houses  of  well-to-do 
citizens. 

Vo.  Fratelli  Panciera-Besarel,  of  Venice,  exhibited  a  French  walnut 
mantelpiece,  with  a  beantifully-carved  representation,  in  relief,  of  a 
mythological  subject.  The  Prince  of  Wales  had  ordered  from  this 
manafacturer  some  ornaments  in  wood-carving  for  his  palace;  these 
were  exhibited,  attracting  much  attention.  They  consisted  of  a  pair  of 
pedestals  for  candelabra  or  vases,  each  composed  of  five  Cupids  climbing 
one  upon  the  other ;  the  lower  ones  showed  by  their  facial  expression 
how  heavy  was  the  burden  which  they  bore ;  the  upper  ones  expressed 
similarly  their  satisfaction  at  being  uppermost. 

Cav.  Gio.  Bat.  Gatti,  of  Kome,  showed  a  splendid  jewel-case  of  ebony, 
inlaid  with  ivory  and  different  light-colored  woods,  with  a  little  bronze 
statuette.  It  was  of  the  old  Byzantine  style,  and  was  reputed  to  have 
been  sold  in  London  for  £1,200. 

Gueret  Brothers,  of  Paris,  showed  tasteful  wood-carving,  on  a  side- 
board cabinet.  Henri  Fourdinir,  of  Paris,  exhibited  a  splendid  set  of 
drawing-room  furniture  in  marquetry  and  wood-carving ;  also  a  fine  set 
of  ebony  and  ivory-inlaid  teapoys.  This  firm  claims  to  hold  a  patent 
on  a  specialty  of  carved  marquetry,  but  the  fact  that  the  Japanese 
have  long  practiced  this  art  invalidates  this  claim.  A  cabinet  of  this 
style  was  sent  in  1867  to  London,  and  realized  75,000  francs.  At  the 
exhibition,  they  had  two  album-covers,  magnificently  carved  and  finished, 
one  of  which  was  sold  to  the  Museum  of  Pesth  for  1,500  francs. 

Jackson  &  Graham,  of  London,  exhibited  the  most  elegant  and  best 
executed  work  in  furniture  in  the  entire  exhibition.  The  furniture  thus 
contributed  consisted  of  cabinets,  tables,  jewel-cases,  library  and  glass 
cases,  and  numerous  other  articles,  all  of  which  were  worked  in  rose- 
wood, inlaid  and  marqueted  with  most,  if  not  all,  of  the  finest  known 
woods.  One  of  the  articles  shown  was  an  ebony  cabinet,  7  feet  1  inch 
wide  by  7  feet  7J  inches  high,  which  was  inlaid  with  box,  purple,  orange, 
and  gray  maple,  and  holly  woods;  it  was  Italian  in  design,  with  Greek 
ornamentation.  This  article  was  worth  £2,500.  Another  ebony  cabinet, 
inlaid  with  ivory,  and  engraved  and  relieved  with  precious  stones — 
lapis  lazuli  and  jasper — and  of  Italian  design,  was  sold  for  £5,000. 

We  may  here  state  t)iat  while  in  London  we  visited  the  factory  of 
Jieuskson  &  Graham,  where  we  were  courteously  received  and  afforded 
every  facility  for  studying  the  various  processes  of  inlaying.  The  art  of 
inlaying  has  been  practiced  for  many  years  among  the  Italians,  but  it 
is  only  recently  that  it  has  been  brought  to  comparative  perfection . 
The  inferiority  of  the  old  style  of  Italian  work  was  due  to  the  circum- 
stance that  the  artisans  of  that  country  were  in  the  habit  of  cutting 
the  ornament  and  the  ground  wood  together,  thus  leaving  the  work 
open,  and  thus  they  were  never  able  to  cut  a  sharp  pattern  on  the  leaves  • 
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this  marred  the  grace  of  tbe  design.  The  work  of  inlaying  is  now  done 
as  follows :  a  drawing  of  tbe  design  is  first  m  ade  for  the  workman  to 
copy  after.  This  is  either  made  on  metal  and  printed,  or  lithographed 
in  fine,  clear,  black  lines — the  finer  the  better.  The  veneers  of  tbe 
colors  needed  are  then  selected,  and  the  various  portions  of  the  design 
are  fixed  on  them,  cut  out,  and  fitted  together.  When  the  ornament  is 
formed,  the  drawing  of  the  work  is  taken,  and  a  piece  of  thin  tissue- 
paper  spread  over  it  and  well  secured  at  the  corners  to  prevent  slipping. 
Through  this  tissue-paper,  the  lines  of  the  drawing  are  visible^  the  cut 
ornament  is  then  taken  piece  by  piece  and  fixed  with  gum  on  the  tissue- 
paper,  according  to  the  colored  drawing  furnished  with  tbe  outlines- 
Care  is  taken  that  the  gum  does  not  get  on  the  edges  of  the  pieces,  as 
it  would  prevent  perfect  tracery  when  completed.  A  piece  of  paper  is 
next  covered  on  one  side  with  lampblack  mixed  with  turpentine,  and 
left  to  dry.  This  blackened  paper  and  a  sheet  of  white  are  then  placed 
l>etween  tbe  drawing  and  the  tissue-paper.  A  thin  pointed  instrument 
is  used  to  mark  around  the  ornament,  the  blackened  paper  yielding  to 
the  white  a  black  line  at  th  e  point  of  pressure,  thus  producing  a  correct 
copy  of  the  ornament  made.  This  impression  is  then  fixed  on  the 
ground-veneer  by  compression;  great  care  being  taken  not  to  stretch 
the  paper  or  tear  it.  The  ground- wood  is  then  cut  with  great  care  to 
receive  the  ornament.  By  this  means,  the  work  can  be  done  with  great 
precision,  and  the  workman  is  enabled  to  use  woods  in  bis  design  as 
light  as  those  in  the  ground ,  without  fear  that  tbe  joint  will  be  seen. 
The  cutting  is  done  with  a  very  fine  buhl-saw,  the  upper  part  of  the 
frame  of  which  is  guided  on  a  horizontal  rod,  the  frame  being  operated 
in  a  horizontal  position  with  the  blade  of  the  saw  placed  at  right  angles 
to  it.  The  veneer  is  held  in  a  vise  operated  by  the  foot,  and  made  to 
move  the  wood  to  the  angle  o  r  line  cut  instead  of  moving  the  saw  to 
the  line ;  the  work  requires  a  steady  hand  and  much  practice. 

Jos.  Hassa  &  Son,  of  Vienna,  exhibited  a  remarkable  black-walnut 
carved  bedstead  with  canopy,  in  tbe  style  of  Louis  XIV.  It  was  so 
completely  covered  with  carvings,  representing  Cupids,  flowers,  fruitsi 
and  arabesques,  that  scarcely  a  piece  of  plain  wood  was  visible,  and 
yet,  in  spite  of  this,  the  general  eflfect  was  very  pleasing. 

Bernhard  Ludwig,  of  Vienna,  exhibited  dining-room  furniture,  with 
marquetry  in  rose,  ebony,  and  maple.  The  chairs  were  upholstered  with 
green  embossed  leather.  He  also  exhibited,  bedroom  furniture,  with 
somewhat  more  elaborate  ornamentation.  Even  in  these  elegant  dis- 
plays, the  old  Austrian  fashion  of  diagonal  margins  for  panels  was  seen 
to  prevail. 

Heinr.  Diibell  &  Son,  of  Vienna,  had  a  notable  sideboard  renaissance, 
ill  French  walnut,  with  carved  inlaid  ebony  marquetry. 

Names,  which  have  been  mentioned  in  these  cases,  are  those  of  exhib- 
itors who  gained  the  highest  prizes. 

A  wardrobe  of  real  ebony,  from  Danzig,  wa^  a  masterpiece  of  joiners' 
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work.  A  pier-stjle  cabinet  from  Copenhagen,  paneled  with  foiled  tor- 
toise, giving  it  a  dark-green  and  dark-red  veined  tortoise  effect,  was 
also  a  very  fine  piece  of  workmanship,  and  in  good  taste.  From  Ger- 
many, a  jewel  cabinet,  and  a  set  of  dining-room  farnitnre  in  renaissance, 
were  very  beautifal.  Dresden  contributed  showy  cabinets  in  renais- 
sance style,  and  a  section  of  dining-room  wall  with  sideboard,  panels, 
and  doors,  all  in  harmony,  of  the  same  style,  and  carved  in  French 
walnut. 

Nicholas  Strange,  of  St.  Petersburg,  Eussia,  showed  a  set  of  dining- 
room  furniture  of  Russian  style,  carved  in  oak,  which  was  really  very  fine. 
It  was  sold  to  the  Archduke  Charles  Louis  of  Austria  for  6,000  rubles, 
($5,000.)  The  pavilion  of  the  Emperor  of  Russia  was  furnished  by  this 
artist.  That  portion  of  it  in  the  Emi>eror'3  sleeping-apartment  was 
valued  at  $8,500. 

Venice  showed  very  good  examples  of  Italian  furniture,  among  them 
a  round  table,  with  inlaid  and  mosaic  work  representing  five  scenes  in  the 
life  of  Christopher  Columbus.  Rome  and  Milan  exhibited  jewel-cases, 
Pescia  cabinets  in  free  relief,  and  fine  drawing-room  furniture,  but  these 
were  deficient  in  style  and  taste. 

Paris  contributed  spring-beds  in  a  French  house,  finely-carved  dining- 
room  furniture  in  antique  styles,  furniture  of  various  styles,  including 
an  ebony  carved  chair^  which  w^as  particularly  worthy  of  notice,  and  a 
novel  kind  of  folding-chair. 

Johann  Podstata,  of  Vienna,  exhibited  a  great  variety  of  childrens' 
beds  and  cribs.  These  Austrian  cribs  are  peculiar,  and  have  some  points 
of  merit.  Their  sides  are  quite  high,  and  made  of  a  network  of  stout 
cording,  depending  from  a  top  railing  running  around  and  secured  below. 
On  one  side,  however,  the  railing  is  composed  of  an  iron  rod  looped  at 
each  end  into  upright  iron  rods  terminating  at  the  top  in  a  kind  of  sharp 
bend,  over  which  the  looped  rod  is  carried  when  the  side  is  to  be  closed- 
When  it  is  desired  to  open  the  crib  to  put  in  or  to  take  out  the  child,  the 
rail,  or  looped  rod,  is  lifted  up  and  then  pulled  down ;  the  network  folding 
upon  itself  like  a  piece  of  cloth. 

Among  the  noteworthy  Vienna  furniture  were  wardrobes  by  J.  Mann- 
stein,  one  of  which,  upon  being  unfolded,  made  a  bedroom  8  by  10  feet, 
with  8  feet  ceiling,  and  containing  a  bed,  table,  wash-stand,  looking- 
glass,  and  seats. 

The  Tyrol  showed  some  fine  furniture  finished  in  marquetry. 

Pesth  had  some  good  furniture  on  exhibition,  including  sideboards, 
extension-tables,  library-desk,  table,  and  other  things. 

Judging  from  specimens  exhibited,  it  would  seem  that  Japanese 
lacquered  ware  of  the  better  grade  is  very  superior.  It  was  distin- 
guished from  the  other  articles  of  its  class  by  raised  figures  in  gold 
upon  a  black  surface.  It  is  distinct  from  the  Chinese  makes  in  this  and 
other  respects,  the  latter  never  producing  such  good  work. 

While  on  the  subject  of  Japan  wares,  it  may  be  remarked  that  the 
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lacquer  of  the  Japanese  is  so  mach  superior  to  our  best  methods  of  pol- 
ishing, that  it  seemed  a  duty  to  take  special  pains  to  learn  as  much  as 
possible  about  it.  Through  the  kindness  of  Dr.  G.  Wagener,  an  attache 
of  the  Japanese  commission,  the  attempt  was  partially  successful.  The 
Japanese  exhibition  was  quite  well  represented  in  this  lacquered  ware, 
and  it  attracted  much  attention.  It  is  well  known  that  their  wooden 
ware  finished  with  this  lacquer  is  not  injured  by  hot  water.  Their  cups 
in  which  tea  is  steeped  are  of  wood,  covered  with  lacquer.  We  are 
using  gum  copal  to  finish  the  best  work  on  our  pianos,  which,  when  fin- 
ished, are  quite  satisfactory  in  appearance,  but  are  easily  ruined  by 
atmospheric  and  other  influences.  One  firm  in  Boston  has  lost  $8,000  a 
year  by  the  failure  of  the  very  fragile  surface  given  by  this  gum.  The 
following  is  the  process  as  given  by  Dr.  Wagener: 

**NOTE  UPON  THAT  KIND  OF  JAPANESE  LACQUER  CALLED   ^  SIIIUNK>:i/ 

"  If  the  wood  to  be  varnished  be  very  porous,  and  the  pores  large 
enough  to  be  visible  to  the  naked  eye,  they  are  filled  with  a  mixture  of 
stone-powder  and  the  lacquer  called  '  seshime,'  which  is  merely  the  sap 
of  the  branches  of  the  varnish-tree,  without  any  mixture.  This  paste 
of  stone-powder  and  lacquer  is  put  on  with  a  wooden  spatula,  the  work- 
man taking  good  care  to  press  hard  on  the  spatula,  so  as  to  fill  up  all 
the  pores,  and  to  rub  the  varnish  off  the  surface  of  the  wood,  which  is  to 
be  kept  as  clean  as  possible.  After  the  varnish  is  well  hardened,  the  whole 
surface  is  polished  with  a  soft  stone — a  kind  of  wedge-stone — so  that  the 
veins  of  the  wood  come  out  again.  This  filling  process  can  be  repeated, 
if  necessary.  Next,  in  order  to  give  it  a  color,  the  wood  is  painted  over 
with  a  thin  water-color,  or  it  is  stained.  When  thus  prepared,  the  ob- 
ject is  then  varnished  with  the  lacquer  shiunkei,  of  which  a  thin  coat- 
ing is  put  on  with  a  bmsh ;  otherwise  it  would  look  too  dark.  On  ac- 
count of  this  lacquer  taking  its  gloss  in  hardening,  it  requires  a  skillful 
person  with  a  light  hand  to  obtain  a  good  result.  Only  one  coating  is 
given. 

"  In  case  the  wood  is  close-grained  and  of  even  surface,  the  prelimi- 
nary work  will  be  unnecessary.  The  sheshine  lacquer  is  alone  used. 
It  is  rubbed  into  the  wood  with  a  ball  of  cotton,  which  is  saturated  with 
it.  After  it  has  been  rubbed  in,  that  which  remains  on  the  surface  is 
taken  off  by  rubbing  with  Japanese  soft  paper,  so  that  in  fact  only  a 
very  thin  layer  remains. 

^^  It  sometimes  happens  that  a  Japanese  lacquer  is  too  thick,  and  will 
not  spread  evenly  with  a  spatula,  as  occasionally  happens  when  it  is 
mixed  with  stone-powder.  When  this  occurs,  the  Japanese  workmen 
add  to  the  varnish  they  are  about  to  use  powdered  camphor.  By  this 
means  it  becomes  more  liquified  and  flows  much  better. 

"  There  is  another  thing  about  the  Japanese  method  of  using  this 
varnish  that  is  worth  knowing.  The  atmosphere  in  which  it  is  to  harden, 
-^^ter  it  has  been  applied,  should  be  moist,  and  the  room  darkened*    The 
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Japanese  lacqnerers  have  in  tUeir  work-rooms  large  boxes  fixed  against 
the  walls.  These  are  famished  with  sliding-doors.  The  inside  of  these 
boxes  are  wetted  with  towels  dipped  in  water ;  the  lacquered  ware  is 
introduced,  and  the  doors  are  closed.  It  generally  requires  forty -eight 
honrs  to  harden  the  lacquer." 

Keturning  to  the  description  of  the  goods  exhibited.  Persian  mosaics 
were  represented  by  a  small  table,  which  was  covered  with  beautiful 
designs  in  eight  or  nine  different  colored  woods. 

The  billiard-tables  of  Austria  and  Germany — the  only  countries 
exhibiting — were  neat,  and  might  answer  well  enough  for  amateurs ;  but 
skilled  players  would  condemn  them,  and  they  would  suffer  by  compar- 
ison with  American  and  French  tables.  The  principal  manufacture  of 
these  tables  has  its  seat  in  Vienna.  Two  firms,  of  Mayence,  repre- 
sented Germany. 

The  Austrian  style  of  furniture  held  a  third  rank — not,  however,  be- 
cause it  was  inferior  to  other  makes,  but  from  its  monotonous  uniformity 
in  style;  it  all  presented  the  same  general  features  and  similar  patterns, 
and  exhibited  a  persistent  adherence  to  diagonals  and  margins  of  panel- 
work. 

France,  on  the  other  hand,  showed  a  talent  for  design  and  ornamenta. 
tion  in  furniture  which  was  marvelous  and  oppressive.  But  the  French 
are  continually  overdoing  the  work  which  they  can  do  so  well.  They 
hide  the  real  merits  of  their  designs  beneath  effects  which  are  too  rich 
and  gorgeous. 

The  English  show  a  kindred  taste  to  ours  in  their  furniture.  It 
is  generally  well  conceived  in  design  and  tasteful  in  ornamentation. 
Here,  perhaps,  may  be  most  properly  mentioned  the  exhibit  of  the 
firm  of  Battany,  Heywood  &  Hancock,  whose  pavilion  in  the  rotunda 
contained  ebony  and  scarlet  silk-upholstered  drawing-room  furniture, 
having  a  most  novel  and  unique  effect ;  they  claimed  it  as  original  and  of 
their  own  invention.  It  probably  was ;  but  it  was  too  new  and  strange 
and  odd  for  the  jury  to  criticise,  and  it  received  no  award.  Whether 
its  design  was  really  meritorious  or  not  would,  we  are  convinced,  be  as 
difficult  to  decide  as  an  abstruse  question  in  metaphysics. 

Class  7.— Fancy  goods. 

17.  This  class  embraces  all  kinds  of  small  notions — boxes,  cigar-cases, 
watch-stands,  and  toys  of  wood  and  of  other  materials. 

Switzerland  has  a  regular  and  large  trade  in  this  line  with  all  parts 
of  the  world,  notwithstanding  that  they  are  produced  principally  by 
hand. 

But  Germany,  more  than  any  other  nation,  excels  in  this  line  of  in- 
dustry, having  whole  towns,  cities,  and  communities  almost  entirely 
devoted  to  this  business.  The- Black  Forest  toys  are  known  all  over 
the  world ;  and  from  Baden,  in  that  (district,  and  from  I^uremberg,  in 
Bavaria,  the  entire  continents  of  Europe  and  America  are  supplied 
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with  cheap  wooden  toys  and  <^  knicknacks."  Naremberg  also  has  a 
large  trade  in  jewel-cases,  glove-boxes,  photograph-frames,  and  writing- 
desks  ;  her  trade  is  aboat  $400,000  per  annum.  Thnringia,  Saxony^ 
and  Wiirtemberg  also  have  an  extensive  trade  in  wooden  toys,  Furtb, 
in  Germany,  has  also  a  considerable  manufactare  of  fancy  goods — 
making  jewel-cases,  glove-boxes,  cigar-stands,  writing-desks,  &c. 

Austria  produces  very  largely  of  pipes  and  cigar-tubes,  in  box,  brier, 
and  cherry  woods.  An  extensive  business  is  also  done  in  fancy  boxes. 
Among  the  Austrian  collection  of  fancy  wares  were  shown  spjecimens 
of  handiwork,  consisting  of  articles  of  household  and  ladies'  use,  carved 
in  box,  walnut,  and  rose  wood,  made  under  the  patronage  of  the  Society 
for  Promoting  Education  located  at  Haindorf.  There  were  also  exhibited 
a  collection  of  fancy  articles  carved  in  pine  and  black  walnut,  from  the 
district  school  of  wood  carving  at  Werdenfels,  Bavaria. 

The  articles  contributed  by  the  Chinese  and  Japanese  showed  great 
skill  in  execution,  but  were  generally  of  too  costly  a  nature  to  become 
articles  of  commerce.  These  eastern  people  seem  to  take  a  pride  in 
imitating  European  or  American  inventions,  which  they  reproduce  in 
such  perfection,  and  at  such  an  expenditure  of  time  and  labor,  that  only 
the  very  wealthy  can  afford  to  pay  prices  that  will  remunerate  them. 

Paris — not  France  at  large — has  quite  an  extensive  manufacture  of 
goods  of  this  class,  but  of  the  better  grades,  and  is  famous  for  good 
taste  and  artistic  execution. 

Class  8.— Machine-cut  articles,  etc. 

18.  In  Austria,  the  forest  districts  in  Hungary,  Bohemia,  Moravia, 
and  Lower  Austria  are  largely  drawn  upon  for  lumber  to  supply  the 
demand  for  articles  falling  under  this  head. 

One  small  forest  in  Galicia  produces  about  300,000  slats  per  month, 
worth  $20  per  thousand,  and  100  bunches,  of  500  sticks  each,  of  match- 
wire. 

Prince  Schwarzenberg's  domains  in  Steiermark  yield  5,000  bales,  of 
100  bunches  each }  these  bunches  are  composed  of  500  pieces  each,  from 
24  to  32  inches  long.  These  domains  also  produce  about  1,000,000  feet 
of  moldings  per  year.  There  are  also,  throughout  the  empire,  many 
factories  of  minor  importance,  which  in  the  aggregate  produce  a  large 
amount  of  this  kind  of  work. 

In  Germany,  the  most  important  work  in  match-wire  is  carried  on  in 
Passau,  Bavaria.  The  same  firm,  Hals,  also  produce  excellent  heels 
for  ladies'  shoes. 

Sweden  is  also  quite  largely  engaged  in  the  production  of  this  kind 

of  goods,  having  some  twenty-four  factories  engaged  in  it.    In  Jon- 

koping,  one  factory  alone  exports  yearly  a  million  dollars'  worth  of 

matches. 

Class  9.— Willow-ware. 

19.  Willow-ware  is  a  large  industry  in  Europe,  the  principal  places 
of  manufacture  being  Munich,  Herz,  Anhalt,  Lichtenfels,  and  Bedwitz, 
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in  Bavaria;  Guben,  in  Prassia;  Cobarg,  in  Saxony;  Vienna,  in  Austria 
and  Brussels,  in  Belgium.    2S.  A.  Gosser  &  Co.,  of  Bedwitz,  are  said  to 
have  a  very  large  business  with  the  United  States. 

Sweden  has,  of  late,  commenced  the  cultivation  of  this  industry. 

There  was  nothing  particularly  new  or  striking  in  this  class  to  deserve 
special  note ;  the  business  being  an  old  one,  the  styles  to  some  extent 
fixed,  and  the  range  of  its  application,  it  would  seem,  nearly  exhausted. 

Class  10.— Woods  foe  musica^l  instruments. 

20.  In  Germany,  the  production  of  woods  for  sounding-boards  and 
key-movements — for  which  a  fine-grained  slow-growth  pine  is  necessary — 
is  principally  confined  to  Upper  and  Lower  Bavaria. 

In  Sweden,  the  technical  factory  at  Kulla  produces  a  considerable 
number  of  sounding-boards. 

The  Austrian  forests  furnish  wood  very  largely,  not  only  for  sounding- 
boards  and  key -movements,  but  for  violin  and  viol  bodies,  guitars, 
mandolins,  and  zithers.  Prince  Schwarzenberg's  forests  in  Bohemia 
produce  annually  250  cases  of  sounding-boards,  8,000  bunches  of  key- 
movements,  about  20,000  packages  of  covers  for  large  basses,  violins, 
violoncellos,  mandolins,  and  guitars,  besides  5,000  packages  of  wood 
for  various  other  musical  articles.  Bezan  and  the  state  forest  at  Salz- 
kammergest,  Hinterberg,  also  produce  a  superior  quality  of  sounding- 
board. 

CONCLUSION. 

21.  In  concluding  this  report,  we  may  record  the  number  of  exhib- 
itors in  Group  YIII,  and  the  countries  they  represented.  In  the  fol- 
lowing list,  they  are  arranged  alphabetically  : 

No.  exhibitors. !  No.  exhibitors- 


America,  12 

Austria, * . . .  448 

Belgium, 22 

Brazil, 7 

British  India, 21 

China, 9 

Denmark, 21 

Egypt, 8 

England, 26 

France, 32 

Germany, 274 

Greece, 5 

Guatemala, 1 

Hungary,  125 


Hawaii, 1 

Italy, 178 

Japan,  a  large  collection. 
Monaco,  a  small  collection. 

Netherlands, 10 

Persia, . , 3 

Portugal, 12 

Eoumania, 23 

Bussia, 30 

Spain, 36 

Switzerland, '. 67 

Sweden, 24 

Turkey,  three  collections. 
Tunis,  one  collection. 


In  conclusion,  something  should  be  said  of  the  way  in  which  the  people 

of  Vienna,  and  indeed  of  the  whole  Austrian  dominions,  came  forward 
3wi 


26  VIENNA    INTERNATIONAL   EXHIBITION,    1873. 

"witli  their  wares  and  products  to  make  the  exhibition  a  saccess.  The 
exhibition  itself  was  a  mammoth  one,  and  more  truly  a  «*  world's  fair'' 
than  probably  any  other  ever  held  in  Europe.  But  its  very  magnitude 
showed  that  the  amount  of  patient  labor  and  attention  to  detail  in 
getting  it  up  must  have  been  something  quite  enormous.  But  the  com- 
mittees, heartily  seconded  by  the  people,  were  untiring  in  their  efforts , 
and  there  was  probably  no  considerable  manufacturer  in  Europe  that 
did  not  have  a  special  invitation  to  exhibit.  The  exhibition,  too,  was 
carried  out  in  the  face  of  an  opposition,  which  endeavored  to  frighten 
people  away  from  Vienna  by  rumors  of  high  charges  and  of  the  prev- 
alence of  contagious  diseases.  Though  not  a  financial  success,  it  was 
a  success  in  every  other  respect. 

It  is  to  be  hoped  that  our  people  will  accept  a  lesson  in  this  respect 
from  Austria,  and,  sinking  all  sectional  littleness  of  feeling,  unite  in 
the  work  of  hearty  co-operation  to  make  our  Industrial  Exhibition  on 
the  occasion  of  our  first  Centennial  Celebration  in  1876  an  affair  worthy 
of  a  people,  enterprising,  ingenious,  and  successful  in  the  mechanic 
and  all  other  arts. 
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STONE-CUTTING  MACHINES. 

Tilohman's  sand-blast;   Holmes   &,  Payton's   stone-dressing  biachinb;  An- 
NANi's  stone-dresser;  Machine  stone-dressing  works;  History  of  machinx 

STONE-DRESSING  IN  GREAT  BRITAIN ;  YOUNG'S  DIAMOND  SAW ;  TOUNG'S  SAW  QU AR- 
RYING-MACHINE  ;  CONCLUSION. 

1.  TiLOHMAN's  SAND-BLAST— In  the  American  section  of  the  Ma- 
chinery Hall,  there  was  bnt  one  piece  of  machinery  that  could  be  applied 
to  stone- work — ^Tilghman's  sand-blast.  This,  however,  was  so  excellent 
a  device,  and  so  simple,  that  it  attracted  a  large  share  of  attention  both 
firom  the  general  public  and  the  practical  men  of  all  countries. 

In  a  paper  read  at  one  of  the  meetings  of  the  British  Boyal  Institu- 
tion, Professor  Tyndall  gives  a  very  interesting  account  of  the  sand- 
blast.   Speaking  of  that  large  statue,  the  Sphynx  of  Egypt,  he  says: 

"It  is  nearly  covered  up  by  the  sand  of  the  desert.  The  neck  of  the 
Sphynx  is  partly  cut  across,  not,  as  I  am  assured  by  Mr.  Huxley,  by 
ordinary  weathering,  but  by  the  eroding  action  of  the  fine  sand  blown 
against  it.  In  these  cases  nature  furnishes  us  witl^  hints  which  may  be 
taken  advantage  of  in  art;  and  this  action  of  sand  has  been  recently 
turned  to  extraordinary  account  in  the  United  States. 

"  When  in  Boston,  I  was  taken  by  Mr.  Josiah  Quincy  to  see  the  ac- 
tion of  the  sand-blast.  A  kind  of  hopper,  containing  fine  silicious  sand, 
was  connected  with  a  reservoir  of  compressed  air,  the  pressure  being 
variable  at  pleasure.  The  hopper  ended  in  a  long  slit,  from  which  the 
sand  was  blown.  A  plate  of  glass  was  placed  beneath  the  slit,  and 
caused  to  pass  slowly  under  it;  it  came  out  perfectly  depolished,  with 
a  bright  opalescent  glimmer,  such  as  could  only  be  produced  by  the 
most  careful  grinding.  Every  little  particle  of  sand  urged  against  the 
glass,  having  all  its  energy  concentrated  on  the  point  of  impact, formed 
there  a  little  pit,  the  depolished  surface  consisting  of  innumerable  hol- 
lows of  this  description.  But  this  was  not  all.  By  protecting  certain 
portions  of  the  surface,  and  exposing  others,  figures  and  tracery  of  any 
required  form  could  be  etched  upon  the  glass. 

"  The  figures  of  any  open  iron-work  could  thus  be  copied,  while  wire- 
gauze  placed  over. the  glass  produced  a  reticulated  pattern.  Bnt  it  re- 
quired no  such  resisting  substance  as  iron  to  shelter  the  glass.  The 
patterns  of  the  finest  lace  could  be  thus  reproduced,  the  delicate  fila- 
ments of  the  lace  itself  offering  a  sufficient  protection.    All  these  effects 
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have  been  obtained  with  a  simple  model  of  the  sand-blast,  devised  for 
me  by  my  assistant.  A  fraction  of  a  minute  suffices  to  etch  upon  glass 
a  rich  and  beautiful  lace-pattern.  Any  yielding  substance  may  be  em- 
ployed to  protect  the  glass.  By  immediately  diffusing  the  shock  of  the 
particle,  such  substances  practically  destroy  the  local  erosive  power. 
The  hand  can  bear  without  inconvenience  a  sand-shower  which  would 
pulverize  glass.  Etchings  executed  on  glass  with  suitable  kinds  of  ink 
are  accurately  worked  out  by  the  sand-blast.  In  fact,  within  certain 
limits,  the  harder  the  surface  the  greater  is  the  concentration  of  the 
shock,  and  the  more  effectual  is  the  erosion.  It  is  not  necessary  that 
the  sand  should  be  the  harder  substance  of  the  two ;  corundum,  for  ex- 
ample, is  much  harder  than  quartz ;  still,  quartz-sand  can  not  only  de- 
polish,  but  actually  blow  a  hole  through  a  plate  of  corundum.  Nay, 
glass  may  be  depolished  by  the  impact  of  fine  shot,  the  grains  in  this 
case  bruising  the  glass  before  they  have  time  to  flatten  and  turn  their 
energy  into  heat.    ♦••••• 

^'  But  we  can  go  far  beyond  the  mere  depolishing  of  glass ;  indeed,  I 
have  already  said  that  quartz-sand  can  wear  a  hole  tbroi^gh  corundum. 
This  leads  me  to  express  my  acknowledgments  to  General  Tilghmaa, 
who  is  the  inventor  of  the  sand-blast.  To  his  spontaneous  kindness  I 
am  indebted  for  some  beautiful  illustrations  of  his  process.  In  one 
thick  plate  of  glass  a  figure  has  been  worked  out  to  a  depth  of  three- 
eighths  of  an  inch.  A  second  plate,  seven-eighths  of  an  inch  thick,  is 
entirely  perforated.  Through  a  circular  plate  of  marble  nearly  half  an 
inch  thick,  open-work  of  the  most  intricate  and  elaborate  description 
has  been  executed.  It  would  probably  take  many  days  to  perform  this 
work  by  any  ordinary  process ;  with  the  sand-blast  it  was  accomplished 
in  an  hour.  So  much  for  the  strength  of  the  blast.  Its  delicacy  is  illus- 
trated by  a  beautiful  example  of  line-engraving,  etched  on  by  means  of 
the  blast.'' 

The  reputation  of  Professor  Tyndall  gives  weight  to  this  testimony. 
No  higher  indorsement  of  the  value  of  Tilghman's  invention  could  be 
obtained  in  Europe,  even  should  it  be  desired. 

2.  The  inventor  says  of  his  sand-blast  that  it  can  be  applied  to  glass, 
stone,  wood,  or  metal.  The  efficacy  of  the  blast  depends  upon  its  force. 
The  sand  may  be  either  propelled  by  steam,  water,  or  air ;  but  steam  is 
generally  to  be  preferred  where  high  velocities  are  required. 

When  a  large  quantity  of  material  is  to  be  removed,  as  in  the  orna- 
menting  of  stone,  a  steam-jet  of  from  60  to  80  pounds  pressure  is  used. 
In  this  case,  the  stencil  is  made  of  iron  or  rubber ;  but  when  a  small 
quantity  of  material  is  to  be  worn  away,  or  the  surface  is  merely  to  be 
depolished,  as  in  ornamenting  glass,  a  jet  of  air,  from  one-tenth  of  a  pound 
to  one  pound  pressure  is  preferred.  With  a  low  pressure,  soft  and  deli- 
3ate  substances,  such  as  paper-designs,  lace,  and  leaves,  cemented  on 
glass,  may  be  used.  With  a  steam-jet,  using  steam  sufficient  for  two 
horse-power,  at  70  pounds  pressure,  and  one  pint  of  sand,  2  cubic  inches 
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of  granite,  4  cubic  inches  of  marble,  or  10  cubic  inches  of  sandstone 
may  be  cut  away  per  minutei.  It  will  be  obvious  that  flat  or  curved 
surfaces  may  be  alike  acted  on  by  this  process,  the  blast  being  in  all 
cases  directed  at  right  angles  to  the  exposed  surface.  Besides  execntiog 
ornaments  in  relief  or  intaglio,  the  process  can  be  used  for  cutting 
grooves  in  quarries  and  in  tunnels,  for  stone-dressing,  or  for  cutting 
stone  in  lathes. 

Mr.  Tilghman,  among  other  specimens  of  work  executed  by  his  sand- 
blast, showed  at  the  exhibition  a  thin  slab  of  Vermont  marble  perfo- 
rated in  the  most  beautiful  way.  It  probably  could  not  bo  executed  at 
all  by  hand.  Some  letters  were  showD,  cut  into  a  lithographic  stone 
in  ten  minutes.  The  shortest  time  in  which  an  expert  stonecutter  could 
execute  the  same  work  would  be  at  least  ten  hours. 

Oeneral  Tilghman's  invention  stood  without  a  rival,  and  it  will  proba- 
bly soon  be  imitated  and  trsed  in  Europe,  where  its  valae  is  already 
acknowledged  by  all  who  have  seen  it. 

3.  Holmes  and  Payton's  stonedbessino  machine. — This  machine 
was  exhibited  in  the  British  section,  as  constructed  by  the  Patent 
Machine  Stone-Dressing  Company,  21  Great  George  street,  London. 
Althoagh  appearing  in  the  British  section,  its  inventor  is  an  American. 

It  consists  of  a  massive  cast-iron  frame,  with  two  vertical  standards, 
one  on  each  side  of  the  bed-plates.  Upon  the  cast- iron  bed-block  is 
placed  a  strong,  sliding  bed-plate,  upon  which  the  stones  to  be  dressed 
are  secured.    The  upper  surfa<;e  Fio.  l. 

of  this  bed-plate  is  divided  into    1       I I       L_J       I       I       |_ 

a  number  of  grooves,  parallel  to 
each  other,  but  formed  with  re- 
cesses at  short  intervals,  as 
shown  in  the  accompanying  sketch.  Fig.  1. 

These  broader  portions  are  necessary , in  order  tolift  out  the  dogs  by  which 
the  brackets  fastening  the  stone  upon  the  Fio.  2. 

bed-plates  are  secured.    In  section  the  '^^^^^^^W//^ 
grooves  of  the  bed-plates  are  as  shown  in       Rvvyy^        y////7[ 
the  next  sketch.  Fig.  2,  and  the  dogs  are 

of  a  form  to  correspond,  so  that  they  are  held  down  by  the  recesses  under 
the  T-shaped  projection.  The  length  of  the  dogs  is  rather  less  than 
that  of  each  of  the  broader  portions  of  the  grooves,  so  that  by  slipping 
the  former  back  they  are  easily  lifted  out  of  place. 
'  4.  The  tops  of  the  two  vertical  side-frames  are  connected  by  a  cross- 
head  or  tie-beam,  and  vertical  openings  are  left  in  them  for  the  whole 
length,  to  form  the  guide  in  which  the  blocks  carrying  the  cutting-mech- 
anism slide.  In  the  upper  part  of  these  blocks  is  mounted  a  shaft, 
passing  over  the  bed-plnte  of  the  machine,  and  about  6  feet  above  it 
when  the  blocks  are  in  their  highest  position.  The  shaft  has  keyed 
upon  it  outside  the  frame  a  large  pulley,  driven  from  the  motor  by  a 
horizontal  strap.    On  the  other  end,  also  outside  the  frame,  is  a  short 
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crank  aud  connecting-rod^  the  normal  angle  of  which  is  aboat  45^.  Be- 
low this  crank-shaft  is  another,  also  running  in  the  same  sliding-block, 
and  carrying  the  cutters.  One  end  of  this  shaft  projects  beyond  the 
ontside  of  the  frame,  on  the  same  side  as  the  connecting-rod .  upon  the 
upper  shaft,  and  has  placed  loosely  upon  it  a  large  disk,  abont  2  feet 
3  inches  in  diameter.  Near  the  periphery  of  the  disk  are  drilled  four- 
teen holes  equidistant  from  each  other,  and  some  2  inches  in  diameter. 
Projecting  from  one  side  of  the  periphery  of  the  disk  is  a  quadrant  cast 
upon  it,  and  with  an  outside  attachment  for  the  end  of  the  connectibg- 
rod  attached  to  the  upper  shaft.  It  will  be  seen  at  once  that  when  the 
upper  shaft  is  caused  to  revolve,  the  connecting-rod  imparts  a  recipro- 
cating motion  to  the  loose  disk,  but,  of  course,  without  affecting  the 
cutter-shaft.  On  each  side  of  the  loose  disk,  however,  and  in  rubbing- 
contact  with  it,  are  two  similar  disks,  which  are  keyed  upon  the  cutter- 
shaft.  In  the  outer  of  these  disks  are  drilled  fifteen  holes  near  the 
periphery,  and  exactly  corresponding  to  those  in  the  loose  disk,  exqept- 
ing  that  they  exceed  the  latter  in  number  by  one.  When  the  fast 
disks  are  turned  in  such  a  position  that  one  of  the  holes  in  the  sur- 
face corresponds  with  one  of  those  in  the  loose  disk,  a  pin  is  used 
to  couple  both  t<ogether,  and  then  the  motion  of  the  connecting-rod  at 
once  imparts  a  reciprocating  action  to  the  cutter-shaft.  Handles  are 
fastened  to  the  outer  or  fast  disk,  for  convenience  in  turn  lag  it  and 
and  the  cutter-shaft,  to  bring  one  or  other  of  the  cutting-faces  upon 
the  stone.  It  will  be  seen  that  by  the  simple  expedient  of  having 
one  less  hole  in  the  loose  than  in  the  fast  disk,  a  very  fine  gradation 
of  angle  for  the  cutter  can  be  obtained;  in  fact,  the  utmost  range 
that  is  necessary  is  that  within  the  limits  of  the  quadrant  cast  on  the 
loose  disk,  and  to  which  two  studs  are  attached,  which,  however,  are 
free  to  slide  in  a  curved  slot  cut  upon  the  quadrant.  The  object  of  these 
studs  will  be  seen  presently.  The  cutter-block  mounted  on  the  lower 
shaft  consists  of  a  heavy  piece  of  cast  iron,  with  suitable  recesses  for 
holding  the  cutter.  These  are  of  two  kinds :  one  pair  on  one  side  of  the 
block,  and  extending  for  its  whole  length  are  steel  teeth,  with  spaces 

„     o      between  them,  and  of  the  form  shown  in  Fig.  3.    The  width 
Fig.  3.  '  •  ^ 

bof  the  space  is  equal  to  that  of  the  teeth.  A  row  of  these 
cutters  is  placed  in  the  recess  in  the  cutter-block,  and  keyed 
in  at  the  end.  The  corresponding  row  in  the  other  recess  are 
arranged  so  that  a  tooth  occurs  in  one  row  opposite  a  space 
in  the  other.  The  rows  are  placed  each  at  an  angle  converging  toward 
each  other.  On  the  opposite  side  of  the  cutter-block  are  placed,  in  suit- 
able recesses,  plain  steel  blades,  with  sharpened  edges,  merely  kept  in 
place  by  paper  packing.  These  blades  also  converge  toward  one 
another.  It  will  now  be  seen  that  when  it  is  necessary  to  cut  the  stone 
with  the  teeth,  if  the  steel  blades  are  in  contact  with  the  stonC)  a  half- 
turn  must  be  given  to  the  cutter-block,  which  is  done  by  means  of  the 
handles  on  the  fast  disk,  and,  as  the  normal  position  of  one  of  the  two 
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handles  always  lies  between  the  stads  on  the  quadrant,  it  follows  that 
when  the  cutter-block  is  thrown  over,  the  opposite  handle  then  falls  be- 
tween the  stads.  Again,  if  one  set  of  cutters,  either  teeth  or  blades,  is 
in  contact  with  the  stone,  the  handle  comes  home  upon  the  lower  stud, 
whereas,  when  the  other  tow  of  cutters  is  brought  into  contact,  the 
handle  is  thrown  against  the  upper  stud.  Between  these  two  extremes, 
any  desired  inclination  is  imparted  to  the  cutting-tool  by  means  of  the 
holes  in  the  disk. 

5.  We  now  come  to  the  feed-motion  of  the  machine.  This  is  of  three 
kinds :  first,  the  rising  and  falling  motion,  given  to  the  sliding-blocks  in 
the  frame,  as  the  cutter  follows  U{)  the  stone  in  dressing  it ;  second,  the 
backward  and  forward  motion  of  the  bed ;  and,  third,  a  hand-motion,  for 
producing  a  fine  cut,  or  relieving  the  pressure  of  the  tool  upon  the  stone. 

To  produce  the  first  of  these  motions  a  vertical  screw  passes  through 
each  sliding  block,  and,  by  turning  them  in  either  direction,  a  rising 
and  falling  motion  is  obtained.  They  extend  for  the  whole  length  of 
the  guides  in  the  frames,  and  pass  below  the  bed-plate  of  the  machine, 
where  each  terminates  in  A  strong  worm,  gearing  into  a  worm-wheel. 
This  wheel  is  driven  either  to  the  right  or  left  by  bevel-gearing,  a  lever 
being  under  the  hand  of  the  operator  to  reverse  the  action  at  will. 

Similarly  the  strong  pinion,  driving  the  broad  rack  upon  the  under  side 
of  the  bed-plate,  is  driven  by  bevel-gearing  from  the  )notor-shaft,  and  is 
also  reversed  at  will  by  a  clutch  and  lever.  The  hand-motion  is  merely 
a  wheel  gearing  into  the  worms  of  the  vertical  screw-shaft.  It  is  only 
needed  to  relieve  the  machine  when  taking  a  finer  cut. 

6.  The  action  of  the  machine  is  as  follows :  When  the  cutter-block  is  set 
in  motion  by  the  oscillation  of  the  disk,  the  stones  gradually  feed  along 
on  the  bed-plates,  and  one  row  of  teeth  takes  a  biting  cut,  leaving  a  se- 
ries of  ridges,  corresponding  to  the  space  between  the  teeth.  The  mo- 
tion is  then  reversed,  and  the  cutter  turned  over  far  enough  to  bring 
the  other  series  of  teeth  to  act  upon  the  stone.  These  of  course  attack 
the  ridges,  and  reduce  the  surface  of  the  block  to  a  level. 

The  cutter-block  may  then  be  thrown  half  over,  so  as  to  bring  the 
knife-blades  in  contact  with  the  stone.  The  action  of  these,  which  take 
a  much  more  delicate  cut,  leaves  a  smooth,  true  surface,  with  scarcely 
perceptible  ridges.  The  teeth  leave  longitudinal  dressing-marks  upon 
the  stone,  and  the  blades  transverse  marks.  The^angle  given  to  the  tool 
varies  with  the  nature  of  the  work,  being  greater  for  hard  and  less  for 
soft  stone. 

The  machine  in  the  Vienna  Exhibition  would  take  a  block  2  feet  4 
inches  high,  and  7  feet  long,  and  surfaced  granite  at  the  rate  of  about 
2  feet  a  minute.  The  power  required  to  drive  it  on  such  work  was  said 
to  be  two-horse  power. 

The  writer  is  not  able  to  state  from  his  own  knowledge  whether  simi- 
lar machines  are  in  use  with  us,  but  he  has  seen  marks  on  machine- 
manufactured  stone- work,  wix>ught  by  the  Bigelow  Bluestone  Company, 
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near  Bondout,  N.  T.,  and  at  Chicago,  such  as  are  left  by  the  Holmes  & 
Payton  luachine. 

7.  SiGNOR  GuiSEPPi  Annani's  stone-dbessee.— The  only  other 
stone-dressing  machine  which  we  could  discover  among  all  the  machines 
on  exhibition  in  the  vast  machinery-hall  adjacent  to  the  exposition  build- 
ing, was  that  of  Guiseppi  Annaui,  of  Verona,  Italy.  Little  can  be  said 
of  it,  and  that  scarcely  favorable.  It  was  a  clumsy,  ill-made  wooden 
frame,  with  a  bed  for  the  stone  high  above  the  ground.  The  feed  was  au  - 
tomatic,  or  would  be  if  it  could  work,  and  consisted  of  a  rack  and  pinion, 
driven  through  a  ratchet  and  gear  from  a  pulley  belted  from  the  motor. 
The  so-called  stone-dressing  arrangement  was  formed  of  a  set  of  six 
hammers,  hung  from  a  shaft ;  beneath  them  was  a  second  shaft  with 
six  cams  mounted  upon  it.  The  cams  revolve,  lifting  the  hammers 
consecutively,  and  then  dropping  them  suddenly,  each  upon  one  of  a 
row  of  chisels  tixed  in  an  inclined  frame,  and  working  loose  in  guides, 
with  their  cutting-edges  resting  on  the  surface  of  the  stone.  Spring- 
stops  are  placed  above  the  hammers  to  prevent  their  rising  too  high 
when  lifted  by  the  cams.  This  idea  is  very  old,  and  even  if  the  pres- 
ent machine  were  perfectly  made,  it  could  never  work  with  the  slightest 
regularity  or  economy.  Each  chisel,  operating  on  its  own  account, 
would  penetrate  more  or  less,  according  to  the  varying  density  of  the 
stone ;  and  this  irregularity  once  having  commenced,  it  would  never  be 
corrected.  The  machine  of  Signor  Annani  may  be  regarded  as  some- 
what of  a  curiosity. 

8.  Powis,  James  &  Co.'s  stone-dressing  maohinert. — Near 
Holmes  &  Payton's  machine,  Messrs.  Powis,  James  &  Co.,  of  London, 
exhibited  a  Inrge  stock  of  wood  cutting  and  molding  machines.  Atten- 
tion was  attracted  to  their  exhibit  by  two  large  pieces  of  stone  molded 
into  cornice  lengths.  Upon  making  inquiries,  it  was  ascertained  that 
this  firm  manufacture  stone-cutting  machinery,  in  addition  to  their 
other  work.  They  did  not  exhibit  it,  but  merely  showed  the  two  pieces 
of  dressed  stone  just  mentioned,  to  attract  attention  to  the  scope  of  the 
work  done  by  their  firm. 

The  address  of  a  company  in  London  was  given,  with  the  assurance 
that  visitors  to  their  works  would  ^^  see  some  of  the  best  stone-dressing 
machinery  ever  invented."  Accordingly,  on  the  way  home,  a  point  was 
made  of  finding  th^m. 

9.  The  MACHINE  stone-dressing  works. — These  works  are  located 
at  York  Road  Station,  Battersea  Park,  London.  The  firm  is  a  ^Mimited 
liability''  company,  which  has  purchased  the  patented  invention  of  Mr* 
G.  Hunter  and  Sir  William  Fothergill-Oooke. 

The  writer  found  a  friend  employed  at  the  company's  works,  as  fore  - 
man  of  the  forty  or  fifty  stone-cutters  employed  there,  who  kindly  intro- 
duced him  to  Mr.  G.  Hunter,  the  principal  inventor.    This  gentleman 
could  spare  very  little  time  to  give  the  details  of  construction  of  his 
machines,  but  gave  references  to  different  journals  that  had  printed,  at 


^    —  > 
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varioas  times,  more  or  less  fall  accounts  of  his  and  his  copateatee's  in- 
veutioD.    In  a  letter  from  him,  written  at  the  request  of  the  writer,  a 
brief  history  is  given  of  the  introduction  of  stone-dressing  machinery  in 
Great  Britain,  so  far  as  his  knowledge  extends. 
10.  This  account  is  as  follows  : 

History  op  stone-dressing  by  machinery  in  Great  Britain. — 
*<  I  may  say  that  1832  was  the  year  the  first  machine  was  made,  but 
the    Forfarshire   machines    were  patented  in  1834.      To  the  best  of 
my  knowledge,  these   machines    are  chiefly  used  for   dressing  flags. 
Six  of  these  were  erected  at  Legsmill  quanies,  Forfarshire,  Scotland. 
They  were  only  partially  successful,  owing  to  the  opposition  of  the 
journeyman  stone-cutters.    I  may  say  that  these  six  machines  dressed 
all  the  planed  flags  shipped  from  Arbroath,  iip  to  the  year  1846,  when 
the  proprietors  erected  two  at  the  quarries  belonging  to  Lord  Panmure, 
but  they  only  ^  saked '  the  stone  per  superficial  foot,  which  at  this  time 
was  equal  to  £3  6$,  Sd.  per  thousand  superficial  feet.    The  contract 
was  generally  let  for  £2  28,  Od.    This  upheld  coals  and  steel,  and  exe- 
cuted the  work,  taking  an  inch  or  an  inch  and  a  half  off.     In  1852, 
three  more  machines  were  erected  for  different  parties.    Since  then,  the 
gradual  development  of  these  machines  took  place,  aud  now,  I  believe, 
there  are  nearly  one  hundred  in  Forfarshire ;  and  while  the  export  of 
machine-dressed  flagging  from  1836  to  1840  remained  about  200,000  feet 
per  annum,  it  is  now  about  2,000,000. 

^'  In  the  year  1837,  the  railway  block  boring  and  facing  machine  was 
brought  out  and  patented,  by  the  same  inventor,  James  Hunter,  (my 
father,)  of  Legsmill,  Forfarshire ;  but  owing  to  the  sudden  disuse  of 
stone  blocks,  this  machine,  although  a  success,  became  of  comparatively 

little  use. 

"  In  the  year  1852, 1  went  to  the  Forest  of  Dean,  to  erect  the  Forfar- 
shire machinery  there,  and  having  heavy,  rough  stuff  to  deal  with,  I 
went  back  to  Forfarshire,  and  brought  out  a  saw  with  tubular  trumpet- 
mouth  tools.  This  was  of  cast  iron,  and  was  11  feet  diameter.  Another 
was  made  of  6  feet  diameter.  These  machines  were  put  to  work  in 
1855,  and  are  still  at  work.  They  cut  the  sandstone  at  5  inches  for- 
ward per  minute,^  [the  stone  from  the  Forest  of  Dean,  quarries  is  stiff 
and  hard,  but  of  a  fine  grit,]  ^^  and  the  man  attending  used  to  have  one 
penny  per  foot,  superficial,  for  his  labor,  and  sharpening  tools. 

"  In  the  year  1862,  I  brought  out  the  paws  for  cutting  hard  Welsh 
slate.  These  mounted  several  saws  on  a  spindle  above  the  table,  and 
cross-cat  a  large  slab  into  several  pieces,  the  speed  of  cross-cutting  be- 
ing 4  inches  per  minute,  through  a  depth  of  12  inches.  The  tool  in  this 
case  was  of  the  solid  trumpet-shape  mentioned. 

^'  I  have  also  erected  these  saws  12  feet  diameter,  for  squaring  mag- 
nesian  limestone  blocks,  for  the  Lyn6  pier  commissioners.  A  fast- 
cutting  machine  was  also  brought  out  for  cutting  out  slate-work  from 
the  bed.    This  machine  cut  into  the  rock  two-thirds  of  its  diameter,  and 
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woald  cot  2  feet  at  a  speed  of  from  4  to  6  feet  per  hour.  A  tuuneliag- 
machine  was  nest  pateoted.  It  cat  a  chase  or  groove  around  the  rook, 
2  inches  wide  and  about  3  feet  deep,  doing  the  work,  as  a  rule,  in  about 
three  hours.  We  walled  many  yards  with  this  machine.  The  price,  as 
shown  by  the  time-keeper's  book,  came  to  about  £2  28.  per  yard,  for  a  7 
feet  4  inches  tunnel.  Tbc  rate,  through  solid  slate,  was  from  9  to  10 
yards,  uigbt  and  day.    Tbe  solid  core  was  removed  at  times,  withont 


Fig.  5. — Htiut«r  itn<l  Fotliergill'H  stofle-aawiug  machine — end  view. 

breaking  it.  The  tunneling-machine  weighs  about  ten  tons.  It  has  a 
revolving  ring  in  front,  in  which  pieces  of  steel  securing  the  tools  are 
fixed.  It  revolves  at  a  speed  of  about  20  feet  per  minute  for  slate.  It 
moves  forward  when  at  full  speed  at  about  three-eighths  of  an  inch  per 
revolution,  and  when  working  in  pure  slate  makes  several  cuts  without 
deranging  the  tools ;  bnt  as  spar  very  often  occurs  in  slate,  we,  as  a  rule, 
had  to  change  tools  generally  two  or  three  times,  for  a  cat  of  2  feet  9 
inches. 

"  The  power  required  to  drive  the  machine  was  doable-cylinder,  high 
pressure,  four  and  a  half  cylinder,  at  about  35  pounds  per  square  inch 
steam.  This  machine  was  invented  for  the  purpose  of  proving  slate- 
veins,  and  as  it  relieves  a  block,  full  diameter  of  the  tunnel,  slates  or 
slabs  can  be  made  from  it,  to  prove  the  general  outturn  of  the  rock. 

"  The  next  machine  brought  out  by  me  was  the  molding- machine,  as 
worked  at  York  Road,  Battersea,  the  chief  feature  of  which  is  the  em- 
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ployment  of  plates  of  different  lengths,  all  lettered,  so  as  to  be  easily 
picked  out  and  set,  like  types,  to  mold.  These  being  built  on  a  shaft, 
revolve,  and  take  out  the  rough  or  waste,  comparatively  near  the  mold, 
when  a  tool  to  profile  passes  several  times  over  and  finishes  the  work. 
The  stone  is  laid  on  a  cant-table  to  cant  to  the  proper  angle. 

^^I  also  invented  what  is  known  in  Scotland  as  Hunter's  patent  ridge 
stone-cutting  machine,  which  cuts  ridge  rocks,  one  out  of  the  other,  at 
about  100  to  140  feet  per  day,  according  to  the  nature  .of  the  stone,  as 
shown  in  Fig.  8.  These  ridges  can 
be  cut  out  even  as  thin  as  five- 
eighths  of  an  inch.  However,  as 
there  is  such  a  great  difference  in 
stone,  it  is  extremely  difficult  to 
know  how  to  construct  a  machine  that  shall  be  applicable  to  all." 

11.  We  were  not  able  to  see  and  examine  the  machinery  at  rest,  but 
were  permitted  to  see  it  in  full  operation.    The  following  description* 
was  carefully  compared  with  the  machine  while  inspecting  the  com-' 
pany's  works,  and  was  found  accurate : 

"Of  the  process  of  working,  both  in  sawing  blocks  and  rough-hew- 


ing moldings,  it  may  be  said  in  limine  that  one  form  of  cutter  is  used, 
a  steel  face  of  five-eighths  inch  diameter,  the  metal  tapering  away  from 
the  face  to  give  it  a  cutting-edge.  For  the  saws,  the  teeth  or  cutters 
are  cylindrical,  tapering  bolts,  with  flat  beads,  which  do  the  cutting. 
The  most  powerful  machine  on  the  premises  is  an  arrangement  of  a 
pair  of  saws,  each  5  feet  4  inches  in  diameter,  that  work  horizontally 
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ax>on  apright  shafts,  and  in  work  meet  each  other  within  abont  an  inch. 
The  sawn  slab  separates  readily  and  uuiformly  at  the  middle  of  the 
piece  left. uncut.  Each  of  these  saws  has  forty -four  cutting-tools  round 
its  periphery.  These  are  carried  by  holders  that  are  wedged  into  the 
oater  edge  of  the  saw-plates,  and  have  holes  forged  in  them  for  the 
reception  of  the  tools,  as  in  Figs.  9, 10,  and  II.  Fig.  12  shows  the  form 
of  the  edge  by  which  the  tool-holder  is  kept  flush  with  the  blade  of  the 
saw.  A  block  of  Portland  stone,  5  feet  9  inches  by  i  feet  wide,  had  a 
slab  of  2^  inches  thick  taken  off  by  the  machine  in  rather  less  than 
twenty-five  minutes  in  our  presence. 

''  The  ripping-machine  has  tools  of  the  same  character  as  the  slabber. 
The  saws  that  work  vertically  are  2  feet  6  inches  in  diameter,  and  have 
each  eighteen  cutters.  It  is  equal  to  taking  three  saws  and  cuts  of 
about  8^  inches  deep. 

"Of  the  remaining  machines,  o^ne  operates  by  cutters  arranged  upon 
a  vertical  shaft;  the  others  are  fixed  on  horizontal  shafts,  that  are 
raised  and  lowered,  according  to  their  work,  with  the  greatest  facility 
and  nicety.  The  tools  in  these  machines  are  of  the  same  diameter  as 
the  saw-teeth — five-eighths  inch — but  are  of  punched  disks  of  steel, 
about  one-eighth  inch  thick.  The  form  of  their  cutting-edge  and  the 
mode  of  fastening  will  be  understood  from  the  subjoined  sketch.  Fig.  13. 

"The  tools  in  the  planing  and  molding  ma- 
chines are  fastened  to  holders  (Fig.  5)  that  are 
bolted  to  the  shafts.  There  is  a  pair  of  tools 
at  each  end  of  the  holder.  Although  the  hold- 
ers, when  fixed  upon  the  shafts,  act  obliquely,  as 
appears  upon  the  stone  passingunder  the  cutters, 
and  ii>  such  manner  as  seems  incompatible  with 
the  production  of*  any  definite  form,  they  are 
nevertheless  so  arranged,  and  so  act,  as  to  turn 
out  moldings  of  a  large  size,  with  many  members^ 
rough-cut  with  great  accuracy.  The  work  is 
finished  by  being  passed  two  or  three  times  under 
cutting  or  scraping  tools  of  the  precise  form  of  [ 
the  molding  to  be  produced.  For  a  molding 
of  many  members,  some  of  them  deeply  cut, 
more  than  one  of  these  finishing-tools  is  sometimes  employed.  The 
moldings,  as  completed,  are  equal  to  the  best  hand-work  ever  produced. 
Mitred  work  is  also  executed  by  the  machines  with  perfect  accuracy, 
^  we  saw  from  the  return-moldings  on  the  ends  of  the  stair-steps  in 
process  of  being  dressed." 

12.  The  stone  mentioned  in  the  above  quotation,  i.  6.,  Portland,  is 
that  quarried  from  the  island  of  Portland.  It  is  a  limestone.  In  former 
years  a  much  harder  and  more  durable  material  was  obtained  than  is 
quarried  at  present.  The  specimens  which  the  machines  were  operat- 
ing npon  on  the  occasion  of  our  visit  were  very  soft  and  white,  little 
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likely  to  stand  the  wearing  effect  of  the  weather.  The  great  majority 
of  the  public  buildings  of  London  are  bailt  of  this  stone.  The  machinery 
of  this  company  is  pecnliarly  adapted  to  its  manipulation,  and  for  work- 
ing of  the  many  oolites  found  in  England^  We  would  also  venture  to 
use  it  on  sandstone,  not  hardei  than  Ohio  sandstone.  We  have  a  large 
number  of  soft  sandstones  in  our  Western  States,  and  in  some  of  our 
Southern  States,  that  this  molding-machine  would  work  well. 

13.  The  sawing-machines  are  not,  apparently,  so  well  adapted  to  our 
needs  as  those  already  patented  by  some  of  our  own  citizens. 

As  a  general  rule,  European  manufacturers  build  more  solidly  than 
is  customary  with  us.  When  we  use  sandstone  or  marble,  in  con- 
sequence of  its  great  cost  as  a  raw  material,  and  the  expense  of  working, 
we  usually  veneer  our  frouts  with  thin  slabs,  backing  them  up  with 
bricks,  and  anchoring  the  stone  to  the  walls.  We  make  our  material 
go  further  than  any  other  people  in  the  world.  This  veneering  process 
is,  of  course,  not  always  followed,  as,  for  example,  in  the  beautiful  and 
solid  buildings  now  erected  or  being  erected  under  the  superintendence 
of  the  Architect  of  the  Treasury,  Mr.  A.  B.  Mullett.  Buildings  erected 
in  our  cities  of  granite  or  limestone  are  generally  quite  solidly  built. 

The  point  to  be  observed  is  this :  the  English  sa wing-machine,  in  mak- 
ing a  cut,  does  not  make  a  clean  one  or  a  narrow  cleft.  Indeed,  by  the 
time  the  faces  have  been  on  the  rubbing-bed  to  be  smoothed  down,  an 
inch  of  material  has  been  wasted  away.  This  would  never  answer 
with  us  where  the  kind  of  stone  which  this  saw  operates  upon  is  so  ex- 
pensive. 

14.  Youngs'  diamond  saw. — Messrs.  Young,  of  New  York,  have  in- 
vented and  patented  a  vastly  superior  saw.  It  is  called  "Youngs'  re- 
ciprocating saw-machine  for  sawing  stone,"  When  exhibited  at  the 
fair  of  the  American  Institute  last  autumn,  it  attracted  a  great  deal  of 
attention,  besides  gaining  the  great  Medal  of  Honor,  which  is  only  given 
to  such  inventions  as  are  deemed  of  such  importance  as  to  be  likely  to 
work  a  revolution  in  industries  to  which  they  are  applied. 

The  main  feature  of  Young's  patent  is  that  of  cutting  the  stone  by 
means  of  diamonds,  securely  fastened  into  the  saw-blades.  They  are 
held  in  steel  cutter-blocks,  and  are  fastened  in  by  calking  the  steel, 
any  little  interstices  that  remain  being  filled  with  small  pieces  of  iron 
and  spelter  solder.  The  art  of  setting  them  is  so  simple  that  any  one 
can  do  it  with  ease,  aft^r  once  having  seen  it  done.  There  is  no  neces- 
sity to  describe  it  in  greater  detail.  Suffice  it  to  say  that  this  machine 
seems  superior  to  anything  hitherto  designed  to  perform  the  same  work. 
On  the  score  of  economy  it  surpasses  the  machine  at  London,  as  it 
makes  but  a  very  narrow  cleft,  and  leaves  the  face  of  the  stone  so  smooth 
that  little  or  no  polishing  is  needed  after  it  comes  from  the  saw-bed. 
The  diamonds  are  very  seldom  lost,  and  do  not  wear  out.  They  are  of 
an  inexpensive  kind,  adapted  to  such  work.  Steel  saws  require  a  great 
deal  of  sharpening  and  replacing.    Diamond  saws  will  do  more  than 


/ 
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three  times  as  much  work  with  the  same  power  as  the  old  saod  and  iron 
saws,  aod  the  work  is  dooe  from  ten  to  tliirty  times  as  rapidly. 

15.  The  biamond-saw  quabetino-machihb. — Willard,  Whittier  Sc 


Fio.  14. — Cornice  for  iiew  London  poat-offloe,  (one-eighth  fall  size.) 

Co.,  of  Boston,  are  the  proprietors  of  a  diamond-aaw  qaarrying-ma- 
chine,  adapted  to  all  kinds  of  rock-chauneling  aod  dressing,  whiph  snr- 
I  the  Hnnter  &  Fotliergill-Gooke  machine,  eztensiTely  used  in 


Fio.  15.— String  course,  new  St.  Thomas  Hospit^  (one-half  fall  elM.) 

Qreat  Britain,  and  already  described.     The' .Willard  ft  Co.  madiine 
consists  of  a  straight  saw,  armed  with  black-diamond  cntting-pointe, 
2   ST 
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which  vibrates  between  and  works  in  combination  with  revolving 
diamond-pointed  drills  for  the  purpose  of  freeing  the  ends  of  the  saw- 
kerf  when  operated  in  a  quarry. 

The  whole  is  carried  on  a  frame  with  a  six  horse-power  engine  and 
boiler,  mounted  upon  trucks  and  placed  upon  a  track  to  facilitate 
change  of  its  position.  It  cuts  a  channel  II  feet  in  length,  one-half  inch 
in  width,  and  4  feet  10  inches  in  depth ;  it  can  be  handled  and  worked 
by  two  men,  is  simple  in  its  construction,  and  is  easily  kept  in  order. 
It  is  said  to  effect  a  saving  of  50  per  cent,  over  the  cost  of  hand-labor. 

16.  Although  not  so  successful  with  their  saws,  the  English  mol^ng- 
machines  are  very  clever  inventions,  doing  their  work  better  than  any- 
thing the  writer  has  ever  seen  or  heard  of,  and  they  would  doubtless 
prove  of  value  if  introduced  on  this  side  of  the  Atlantic.  They  are  not 
likely  to  reduce  the  demand  for  stone-cutter's  labor  any  more  than  the 
introduction  of  wood-molding  machines  diminished  the  demand  for 
the  labor  of  carpenters  and  joiners;  still  some  opposition  may  be  ex- 
pected from  the  least  intelligent  workmen.  A  continuous  stretch  for  a 
considerable  length  of  one  kind  of  molding  would  pay  well,  as,  for  in- 
stance, in  the  example  shown  in  Figs.  14  and  15. 

In  concluding  this  portion  of  this  report,  it  is  well  to  call  attention  to 
the  fact  that  it  is  only  here  and  in  England  that  any  strong  efforts  have 
been  made  to  master  the  art  of  manipulating  stone  by  machinery,  as 
we  work  wood  and  those  materials  which  are  even  harder  than  almost 
any  kind  of  stone — steel  and  iron. 


CHAPTER    II. 


CUT  AND  CARVED  STONE-WORK. 

Extent  and  character  of  exhibits;  Wasserburgbr's  mausoleum;  Methods  op 
business;  Working  stone  in  America;  Working  stone  in  Vienna;  Condition 
OF  Viennese  workmen;  Education;  Methods  op  doing  fine  work;  Use  of 
stone  and  stucco;  Stair- ways.    • 

17.  There  were  not  many  specimens  of  this  industry  shown  at  the  ex- 
position, either  within  the  building  or  on  the  grounds;  certainly  not  nearly 
as  many  as  were  shown  at  former  European  world's  fairs. 

There  was,  however,  an  immense  number  of  specimens  of  difierent 
kinds  of  stone  and  marble  on  exhibition.  In  some  sections  small  blocks 
about  6  inches  square  were  shown.  Italy  made  a  splendid  display. 
Over  a  thousand  different  kinds  were  counted,  all  grouped  with  taste 
and  harmonizing  in  color.  Each  kind  is  used  by  the  Italians  in  some 
one  or  other  of  their  many  industries. 

The  exhibit  in  the  United  States  section  was  but  a  small  collection  of 
pieces  of  about  the  right  size.  It  was  unfortunate  that,  after  deciding  to 
send  the  products  of  our  quarries,  the  collection  was  not  made  more 
complete.  A  full  exhibit  of  the  immense  variety  of  the  fine  marbles,  gran- 
ites, and  other  building-stones  of  the  United  States  would  .not  only  as- 
tonish the  people  of  Europe,  but  many  of  our  own  architects,  who  scarcely 
dream  of  the  immense  variety  Arom  which  they  might  choose,  if  trans- 
portation were  cheaper  than  it  now  is. 

Some  exhibitors  made  the  mistake  of  sending  huge  blocks  of  rough- 
hewed  marble,  stone,  and  granite,  which  were  brought  hundreds  of 
miles,  to  be  dumped  off  the  cars,  and  left  where  they  fell,  behind  the 
exhibition  building,  no  word  of  explanation  being  given.  Small  blocks 
would  have  done  quite  as  well  for  exhibition,  w^hile  the  fact  that  large 
blocks  could  be  quarried  to  order  might  have  been  stated  in  a  printed 
form,  if  it  was  of  sufficient  importance  to  do  so.  The  members  of  the 
jury,  when  viewing  these  solid  blocks,  walked  around  them,  felt  them, 
tapped  them  with  their  pencils,  inquired  where  this  or  that  specimen 
came  from,  and  passed  on  to  something  that  had  work  in  it.  As  already 
remarked,  there  was  not  a  very  great  amount  of  the  latter  kind  of  work 
exhibited,  except,  of  course,  marble  statuary,  of  which  there  was  a 
splendid  show;  Italy  alone  sending  so  much,  and  that  of  such  a  quality, 
as  to  make  its  remembrance  pleasant  to  all  lovers  of  the  fine  arts. 

18.  With  the  exception  of  one  or  two  pedestals  of  granite,  not  worth 
noticing,  the  only  good  piece  of  stone-work  to  be  seen  on  the  grounds 
was  a  mausolesm,  erected  near  the  jury  pavilion,  and  exhibited  by  Paul 


20  VIENNA   INTERNATIONAL   EXHIBITION,    1873. 

Wasserburger,  "surveyor  of  buildings,  architect  to  the  community,  and 
stone-cutter  to  the  court."  The  style  of  the  mausoleum  was  Gothic;  the 
design  was  by  Frederick  Schmidt,  the  detail  drawings  being  furnished 
by  his  pupil,  Charles  Schoden.  The  scul))tured  figures  at  each  corner, 
representing  the  cardinal  virtues,  came  from  the  studio  of  the  sculptor 
Louis  LeOrain;  the  carving  was  executed  by  another  academician,  J. 
Pokorny.  The  following  kinds  of  stone  and  granite  were  used  in  its 
construction :  for  the  steps,  grayish-blue  granite ;  the  columns,  red 
Saxon  granite ;  the  body  of  the  edifice  was  of  a  light-yellow  freestone 
quarried  on  the  estates  of  Count  Auersperg  and  Baron  v.  Gagern,  Mok- 
ritz,  in  Lower  Carniola. 

The  design  was  very  neat  and  chaste,  but  it  contained  nothing  orig- 
inal. It  was  simply  a  reproduction  of  the  ideas  of  the  old  Gothic 
architects,  with  some  variation  of  the  details.  The  manipulation  was 
perfect.  In  this  particular  modern  workers  in  stone  can  equal,  if  not 
surpass,  the  workmen  of  earlier  times;  and  when  this  Is  written,  all  is 
written. 

19.  It  may  be  well  to  note  tlie  fact  that  in .  Europe  this  business  of 
Btone-cutting  seems  to  be  in  the  hands  of  wealthy  men,  like  Paul  Was- 
serburger, whose  business  was  founded  by  an  ancestor  in  1734,  and 
handed  down  from  father  to  son  until  it  came  into  the  hands  of  the 
present  possessor.  Small  employers  seem  to  be  almost  unknown  in  the 
large  cities.  Not  so  with  us ;  we  have  many  such,  struggling  to  rise. 
Foremanships  are  the  greatest  prizes  offered  the  best  journeymen  in 
Europe. 

20.  Within  the  palace,  under  the  dome,  was  another  specimen  of  the 
same  class  of  work  designed  by  the  same  architect — a  stone  pulpit  and 
stair-case.  The  decorative  part  was  executed  by  the  royal  sculptor, 
Franz  Schontholer.  The  stone  used  was  also  from  the  quarries  of  Count 
Auersperg  and  Baron  v.  Gagern.  It  was  very  fine,  but  there  was 
nothing  in  it  that  the  decorative  stone-cutters  in  any  of  our  large  cities 
would  not  duplicate,  if  called  upon  to  do  so,  without  having  ^<  royal " 
or  ^<  sculptor  to  the  court "  attached  to  their  names. 

France*  displayed  several  marble  mantels,  and  a  fountain,  all  exhibi- 
ted by  Parisian  firms.  The  fountain  was  nicely  gotten  up ;  dark-red 
marble  built  into  the  wall;  above  the  water-bowl  was  a  sculptured 
panel  in  white  marble,  which  was  executed  in  Italy,  and  represented  an 
eagle  swooping  down  upon  a  duck,  surrounded  with  reeds  and  water- 
plants. 

Fountains  abound  in  the  streets  of  Europe,  a  feature  worthy  of  our 
consideration.  Many  are  very  beautiful,  some  are  quaint,  and  all  are 
useful  and  ornamental.  Nothing  is  a  more  common  sight  to  the  traveler, 
nor  does  anything  that  he  sees  live  so  long  in  his  memory  as  the  public 
fountains  in  open  plazas  and  market-places ;  time — evening,  when  the 
day-sky  is  changing  into  that  of  the  night,  the  crimson  flush  in  the 
west  dying  away  into  blue,  and  the  stars  just  beginning  to  appear. 
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The  cool  splash  of  the  foantaiii  sounds  pleasantly  on  the  ear.  Around 
it  stand,  picturesquely  grouped,  the  girls  and  women  who  have  come  to 
fill  their  water-jars  and  to  gossip  with  their  neighbors.  The  gabled  and 
many-storied  houses  around  cast  their  shadows  over  them,  making  the 
background  of  a  scene  which,  once  seen,  is  rarely  forgotten. 

In  London,  there  ts  a  '<  drinking-fountain  association  "—everything 
is  done  in  England  by  an  association  of  some  kind — which  has  procured 
the  erection  of  three  hundred  and  sixty  driuking-fountains,  besides  many 
troughs  for  horses,  cattle,  and  dogs.  These  fountains  are  nearly  all  of 
finely  cut  and  polished  marble  or  granite,  or  of  elaborately  carved  and 
cut  sandstone.  Upon  each  is  engraved  the  name  of  the  donor,  gen- 
erally some  wealthy  citizen. 

This  association  has  performed  an  excellent  temperance  work.  Before 
those  fountains  were  erected  it  was  extremely  difficult  to  get  a  drink  of 
water  outside  one's  own  home,  while  beer  and  gin  shops  were  open  on 
every  side.  With  a  few  exceptions,  this  is  the  case  in  our  own  cities. 
Some  of  our  many  rich  philanthropists,  by  erecting  fountains  like  that 
at  Cincinnati,  works  beautiful  as  well  as  useful,  may  be  sure  of  winning 
the  grateful  thanks  of  thousands  who  would  be  thus  benefited. 

21.  This  kind  of  work  in  stone  would  be  well  adapted  to  exercise  the 
skill  and  ability  of  the  school  of  fine-art  workmen  which  the  last  decade 
has  raised  within  our  midst.  Some  of  the  artisans,  who  are  now  Amer- 
ican citizens,  have  cut  and  carved  some  of  the  best  work  in  Europe. 
Indeed,  we  have  workmen  capable  of  executing  the  most  elaborate  and 
delicate  work  in  stone,  if  the  public  will  but  give  them  a  chance,  instead 
of  sending  to  Europe  for  anything  of  this  character  which  they  may 
want,  and  which  many  deem  the  American  stone-cutter  incapable  of  ex- 
ecnting.  But  it  is  a  fact  that  no  better  workmen  can  be  found  than  our 
own.  They  work  much  faster  than  workmen  in  any  other  country.  In- 
deed,  they  must  of  necessity  do  so.  It  is  quit^  the  exception  to  see  work- 
men in  Europe  exert  themselves.  It  is  their  quiet,  careful  working  that 
produces  the  finely-finished  work  seen  in  Europe;  it  is  not  the  superior 
men  or  better  tools.  Here,  it  is  only  occasionally  that  work  is  required 
to  be  cut  so  finely  that  the  workmen  are  allowed  all  the  time  that  they 
desire.  When  this  occurs,  a  superb  result  is  obtained,  as  at  the  Dutch 
Reformed  church,  on  the  corner  of  Forty-eighth  street  and  Fifth  ave- 
nue, New  York  City.  This  building  is  a  perfect  gem,  fully  equalling,  in 
manipulative  skill,  anything  to  be  found  in  Europe. 

22.  It  is  surprising  that  work  should  be  done  so  well  in  Vienna,  with 
such  tools  as  are  used  by  the  workmen.  The  principal  stone  used  for 
building  purposes  is  a  limestone  of  a  light-yellow  color,  much  like  the 
stone  first  quarried  at  Joliet,  111.,  but  of  coarser  texture.  It  cuts  freely 
from  the  chisels  and  points.  When  rubbed  down  it  looks  very  coarse, 
but  the  faces  are  seldom  ^^drawed"  or  rubbed,  the  practice  being  to 
chisel  a  margin,  generally  an  inch  wide,  then  bush-hammer  all  the  sur- 
face within  the  margin.  This  treatment  is  probably  the  best  and  most 
economical  for  this  kind  of  stone.    Its  coarseness  does  not  come  out  so 
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glaringly  as  it  woald  if  it  w^ere  polished  or  draw^etl  from  the  tool.  The 
tools  ased  are  sach  as  are  commonly  used  all  over  the  world,  bat  of  a 
very  inferior  qnality  of  steel,  and  clumsy  in  shape.  Their  ^^mash"  or 
hand  hammers  would  be  laughed  at  by  our  workmen.  They  are  made 
of  soft  iron,  sometimes  with  lead.  After  working  with  one  of  these  a 
few  weeks  the  workman  wears  a  hole  in  the  faces,  while  our  hammers 
will  sometimes  last  a  life-time.  Their  wooden  mallets  are  of  very  bad 
quality  as  compared  with  our  hickory  staves.  The  Viennese  stone-cut- 
ter gets  his  mallets  and  handles  turned  out  of  one  piece  ;  the  handle  is 
twice  as  long  as  the  mallet.  He  does  not  depend  on  either  the  hand- 
hammer  or  mallet,  and  appears  rather  uncomfortable  when  using  either  • 
he  prefers  the  diamond-faced  bush-hammer  held  in  both  hands.  The 
employers  find  all  tools.  This  is  a  very  serious  item  of  expense  to  our 
own  mechanics,  who  are  compelled  to  pay  for  good  tools  and  to  meet 
heavy  charges  whenever  they  are  required  to  move  their  tool-chests,  as 
they  aie  so  often  compelled  to  do. 

23.  The  stone-cutters  in  Vienna  are  divided  into  two  classes,  those 
who  do  the  rough  work  and  cut  plain  moldings,  and  those  who  do  a 
better  grade  of  stone  cutting  and  carving.  The  first  class  generally 
work  by  the  piece,  working  eleven  hours  per  day,  except  in  winter, 
when  they  work  nine  hours.  Their  wages  average  2^  gulden  per  day — 
$1.25.  They  have  no  trade  societies,  but  have  sick  and  provident 
associations  which  take  charge  of  the  burial  of  deceased  members,  &c. 
The  more  highly  skilled  workmen  earn  from  20  to  35  gulden  per  week, 
a  gulden  being  worth  50  cents  of  our  money.  The  men  commence 
work  at  6  a.  m.  and  stop  at  6  p.  m.  Formerly  one  hour  at  noon  was  all 
that  they  were  allowed  for  meals,  though  they  could  sit  down  about  8 
a.  m.  and  swallow  a  hasty  meal.  This  rule  still  prevails  with  some  em- 
ployers, though  most  of  them  allow  their  workmen  a  half-hour  in  the 
morning  for  breakfast  and  another  in  the  afternoon  about  3  o'clock  for 
a  supper  of  bread  and  beer. 

24.  The  stonecutters,  assisted  by  their  employers,  have  founded  even- 
ing schools  for  the  instruction  of  those  among  their  number  who  may 
want  to  learn  the  technical  part  of  their  business,  architectural  details, 
draughting,  free-hand  drawing,  and  mensuration.  The  apprentices  are 
all  invited  to  avail  themselves  of 'the  privileges  to  be  enjoyed  in  these 
schools.  This  is  also  common  in  Germany,  and  it  is  a  capital  idea,  well 
worth  imitating.  The  workiDen  who  wish  to  study  the  best  models 
illustratiug  tliQlr  craft  have  the  art  and  industry  museums  to  visit,  in 
which  splendid  collections  of  models  of  ancient  and  modern  art  are 
found. 

25.  We  were  impressed  with  the  careful  method  pursued  in  the  fine 
art  of  the  stone-cutters'  craft.  The  new  merchants'  exchange,  now 
building  on  the  Ringstrasse^  will  illustrate  the  system.  On  the  grounds 
are  a  large  studio  and  an  artist's  workshop.  Here  models  are  made 
of  every  piece  of  sculpture  and  carving  applicable  to  the  adornment  of 

building.    A  leading  Viennese  sculptor  is  the  head  and  master  spirit 
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here }  ander  him  are  a  Dumber  of  skilful  artists,  who  work,  guided  by 
his  directions  or  their  own  taste,  in  stone,  wood,  plaster  of  Paris,  or 
day.  On  the  occasion  of  our  visit,  all  of  these  materials  were  used. 
The  models,  when  complete,  are  sent  on  to  the  quarry  or  to  the  stone- 
cutters' yard,  to  be  copied  into  the  stone  used  for  the  building  in  pro- 
cess of  erection.  Finally,  the  sculptor  puts  on  such  finishing-touches 
as  he  may  deem  requisite.  This  care  insures  the  carrying  out  of  the 
architect's  ideas,  and  furnishes  good,  artistic  work,  that  will  stand 
criticism.  It  is  also  very  much  the  practice  in  Europe  for  the  archi- 
tects to  retain  the  carving  they  design,  for  the  fa9ades  of  their  buildings, 
as  a  separate  contract,  employing  their  own  men  to  execute  it,  generally 
by  the  day.  In  fact,  all  those  who  are*  rich  and  celebrated  enough 
insist  on  this  privilege,  knowing  well  that  if  let  to  an  ordinary  stone- 
cutter, unless  in  an  exceptional  case,  the  work  will  be  done  as  poorly 
and  as  cheaply  as  it  can  be  to  pass  inspection  ;  that  there  will  be  no 
effort  made  to  put  individuality  or  thought  into  the  work,  without 
which  it  is  soulless  and  valueless. 

26.  There  is  much  poor  work  of  this  class  done  in  Vienna  as  else- 
where; but  it  is  only  in  cheap  houses.  With  the  exception  of  a 
few  public  edifices,  the  buildings  of  the  new  Vienna  which  has  grown 
up  since  the  levelling  of  the  old  walls  have  stuccoed  fronts.  This,  how- 
ever, has  not  made  the  stone-cutters'  craft  the  less  busy  or  prosperous. 
Bven  in  a  stuccoed  building,  wherever  strength  is  required,  stone  is 
used  in  the  prevailing  Renaissance  style.  There  are  many  caryatids 
under  the  balconies  and  window-cornices.  These  are  nearly  all  of 
8tone« 

27.  Within  the  buildings,  the  stair-cases  are  almost  invariably  built 
of  cut  stone,  as  are  the  landings.  This  is  done  as  a  precaution  against 
fire.  Although  a  great  improvement  over  wood,  this  is  not  the  best 
kind  of  stair-way  that  can  be  erected. 

The  following  extract  from  a  report  of  the  superintendent  of  the  Lou. 
don  fire-engine  establishment  will  be  interesting  as  bearing  on  this 
point : 

*^ No  stair-case  can  be  considered  really  fireproof  unless  constructed 
either  of  fire-bricks,  laid  in  fire-cement,  which  would  be  both  costly  and 
cnmt>ersome,  or  of  wrought  iron,  which,  for  appearance,  comfort,  or  con- 
venience, might  be  covered  with  slabs  of  slate,  stone,  or  wood.  In  this 
atter  case  the  real  strength  would  consist  not  in  the  stone  or  covering, 
but  in  the  wrought-iron  framing,  and  such  stairs,  particularly  if  pro- 
tected by  plaster,  which  could  easily  be  done,  might  safely  be  relied  on 
in  all  ordinary  fires^  as  the  heat  near  a  stair-case,  being  tempered  with 
the  cold  draught  from  the  outside,  is  rarely  sufficient  to  weaken 
wrought  iron,  which  only  fuses  at  about  3,000^,  and  retains  a  consider- 
able portion  of  its  strength  almost  to  the  melting  point." 

Stone  is  used  as  a  rule  in  Vienna.  The  hall-ways  and  passages  are 
all  laid  with  cement,  tiles,  marble,  or  mosaics,  all  of  which  are  fire-proof* 
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28.  Enoaustio  tiles. — Oue  of  the  most  beautiful,  as  it  is  also  cue  of 
the  most  costly,  modes  of  paving  interiors  is  that  of  laying  down  Min- 
ton's  encaustic  tiles.  These  are  so  well  known  that  a  detailed  descrip- 
tion is  not  needed,  especially  as  no  new  improvement  or  novelty  was 
shown.  Indeed,  the  firm  did  not  exhibit  a  great  quantity  of  this  kind 
of  ware.  The  writer  saw  a  better  display  at  their  agent's  place  at  Brus- 
sels than  at  the  exhibition. 

Minton  &  HoUis,  another  English  firm,  showed  some  very  highly 
finished  wall-tiles,  and  a  chimney-piece,  designed  for  a  hunting  lodge, 
enriched  with  appropriate  and  most  beautifully  painted  tiles. 

The  English  makers  are  acknowledged  to  be  at  the  head  of  this  manu- 
facture, but  there  are  several  German  firms  closely  competing  with 
them. 

Yilleray  &  Bach,  of  Luneburg,  and  Ernst,  March  &  Son,  near  Ber- 
lin,  are  very  large  makers  of  encaustic  tiles,  together  with  many  other 
kinds  of  earth-ware,  such  as  garden-statues  and  terra-cotta.  Their 
tiles  lacked  the  clearness  and  accuracy  of  line  characteristic  of  the  En- 
glish ware,  but  as  a  whole  they  presented  a  good  appearance.  The 
Germans  aim  to  produce  cheap  ware,  while  with  the  Staffordshire  firms 
that  is  a  secondary  consideration.  A  practical  artisan,  thoroughly 
posted  in  this  kind  of  work,  stated  that  the  main  difference  between  the 
German  and  English  tiles  arises  from  the  fact  that  the*  tiles  made  in  the 
first-named  country  lack  the  backing  or  extra  layer  of  strong,  close-bodied 
clay,  which,  to  a  great  extent,  keeps  them  from  cracking  or  distorting 
through  unequal  contraction.  This  statement  we  are  inclined  to  be- 
lieve, after  very  carefully  inspecting  the  wares  in  both  the  German  and 
English  sections.  It  is  unfortunate  that  our  own  manufacturers  of 
earthenware  do  not  try  to  make  this  kind  of  tile  instead  of  buying  them 
from  the  European  makers.  That  the  demand  for  them  is  large  in  the 
United  States  is  fully  shown  by  the  large  sales  made  here  by  English 
firms  of  late  years.  Doubtless,  it  will  take  time  and  capital,  and  artistic 
skill  must  be  acquired  before  we  can  take  rank  with  the  best  manufac- 
turers of  other  countries  who  have  worked  long  and  spent  much  money 
before  attaining  to  the  present  great  success.  But  should  we  try  we 
should  succeed,  for  what  has  been  done  once  can  be  done  again.  It  is 
simply  a  question  of  money,  study,  and  labor. 
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29.  Mosaic  floobs. — The  real  mosaic  floors  which  we  saw  at  the 
ezhibitioD,  and  in  the  baildingfs  lately  erected  or  being  erected  in  the 
city  of  Vienna,  must  rank  next  in  point  of  beauty  and  first  for  simplicity. 
There  is  no  detail  in  the  whole  process  that  cannot  be  readily  grasped 
in  a  few  moments,  although,  as  a  matter  of  course,  rapidity  of  work 
comes  from  practice.  This  work  is  all  executed  by  Italian  workmen,  of 
whom  about  one  hundred  and  twenty-five  are  employed  by  a  country- 
man of  theirs,  D'Odorrico,  who,  with  his  cousins,  are  the  only  employers 
engaged  in  this  industry  in  Vienna  and  its  vicinity.  It  is  only  during 
the  last  six  years  that  there  has  existed  any  demand  for  this  work  at 
the  Austrian  capital ;  now  he  has  all  the  business  he  can  possibly  do. 

The  best  specimen  of  the  skill  of  these  people  was  shown  within  the 
exhibition,  at  the  Emperor's  pavilion.  The  vestibules  of  that  building 
were  laid  with  very  elaborate  designs  in  marble  mosaic.  The  side-walls- 
and  the  columns  at  the  entrance  were  artistically  adorned  with  ferns 
and  bright-green  plants.  These  heightened  the  effect  of  the  mosaic 
floors,  which,  when  viewed  from  a  little  distance,  seemed  almost  to 
resemble  some  rich  Brussels  or  Axminster  carpet. 

30.  The  principal  advantages  of  this  process  are:  1.  The  extreme 
simplicity  required  in  manipulation ;  2.  Its  artistic  value,  as  pictures 
can  be  made  in  the  floor  which  will  not  very  easily  wear  out ;  3.  Its 
cleanliness  and  coolness ;  4.  The  facility  of  utilization  of  waste  material, 
it  being  the  refuse  of  marble  quarries  that  is  used  in  this  work ;  all 
small  pieces  that  are  not  available  for  any  other  purpose  can  be  used 
in  mosaic  flooring;  5.  And  last,  but  not  least,  it  can  be. used  where  wood 
is  often  laid  down,  with  this  great  advantage  over  that  material,  that  it 
will  not  conduct  the  flames,  but  acts  as  a  preventive  to  their  spread  if 
a  fire  occurs  in  its  vicinity.  Its  cost  is  determined  by  the  design.  A 
simple  pattern  in  black  and  white  can  be  laid  down  very  cheaply ;  but 
when  it  is  desired  to  introduce  marbles  of  many  colors  in  an  intricate 
design,  there  is  hardly  a  limit  to  the  cost,  or  to  its  value  when  finished. 

Security  against  fire  is  the  principal  motive  leading  to  the  general  use 
of  marble  floors  and  of  imitations  of  marble  and  stone,  in  Vienna,  and 
in  other  large  European  cities.  Modern  buildings  are  erected  with  as 
little  inflammable  material  in  their  construction  as  is  possible. 

31.  WAaBS  AND  methods  op  work. — Signer  D'Odorrico  has  brought 
all  his  workmen  from  Italy.  He  pays  them  from  $1  to  $2  per  day.  His 
contract  with  them  also  includes  paying  their  fare  home  once  every  two 
years.  Workmen  of  exceptional  skill  and  taste  often  command  more 
than  82  per  day.  « 

This  employer  gave  every  facility  for  inspecting  his  method  of  work- 
ing, but  stated  that  there  was  very  little  to  see,  the  whole  process  being 
principally  an  exercise  of  skill  and  experience  on  the  part  of  rhe  work- 
men. The  first  operation  is  the  preparation  of  the  design.  This  is  gen- 
erally composed  of  geometrical  combinations  in  several  colors,  and  is 
made  to  a  scale.  The  foundation  is  sometimes  made  of  concrete,  and 
Bometimes  the  stone  platform  or  landing  has  a  panel  cut  into  it  about 
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an  ioch  in  depth ;  ia  either  case  a  tnixtare  of  Portlaud  cement  and  fine 
sand  in  equal  parts  is  floated  down.    Tliis  can  be  colored  if  desired ; 
for  instaoce,  red  brick  poaaded  up  and  mixed  with  the  cement  will 
ntake  it  red.    The  cement  must  be  gauged,  so  as  not  to  set  too  quickly. 
Xhe  pattern  is  marked  o£f  on  the  cement  with  thin  strips  of  wood,  or 
by  merely  drawing  a  sharp  line  in  the  cement  with  a  knife  or  other  edge- 
tool.    The  pieces  of  marble,  broken  to  a  noiform  size,  abont  half  an  inch 
square,  are  placed  beside  the  operators  iu  boxes,  assorted  as  to  color. 
These  are  bedded  into  the  cement,  one  agaiust  another,  autil  the  pattern 
grows  into  shape  under  the  hands  of  the  workmen.     When  enough  of 
the  floor  is  laid,  it  is  rammed  down  to  make  it  compact  and  level.     The 
eoDcIndiug  process  is  that  of  rubbing  it  all  over  with  a  stone-rubber  and 
sand  and  water.    This  sinooths  nnd  polishes  it.    The  process  of  breaking 
.the  marble  into  small  pieces,  fit  for  mosaic,  is  quite  a  task,  demanding 
some  skill,  and  one  that  would  probably  be  performed  by  machinery 
in  this  country.    It  is  very  simple,  and  while  some  men'woutd  never 
learn  it,  others  would  acquire  the  knack  at 
the  first  attempt.    The  workman  sits  dowu 
in  front  of  a  wooden  block  having  an  iron 
top  fashioned  as  shown  in  Fig.  16.    It  is 
6ioches  wide,aud  about  15  inches  in  length. 
The  only  other  tool  is  a  chipping-bammer 
of  two  pounds  weight,  having  one  square 
^    face  and  one  square  edge.    The  marble  is 
— ~    first  broken  into  pieces  2  inches  square 
~~~'L^     with  a  sledge-hammer.    These  pieces  are 
j£__       placed  on  the  sharp  edge  of  the  iron  plate 
--  and  broken  with   the  chipping-hammer. 

I  makiui;  WbcD  tbe  plate  is  full  of  pieces,  the  work- 
man scoops  them  ont  with  his  hammer 
spon  tbe  heap  beside  him.  These  pieces  are  from  one-half  to  three- 
fourthd  of  an  ioch  square. 

32.  YOBESHiBE  FLAQOING. — Near  the  South  Kensington  Museum, 
London,  we  saw  several  workmen  laying  down  a  sidewalk  composed  of 
ftsphaltum  and  cubes  of  gray  granite.  These  latter  were  worked  into 
the  asphaltum  in  simple  geometrical  patterns,  interwoven  circles. 
The  granite  was  broken  into  small  pieces,  each  about  2  inches  square. 
When  complete,  the  effect  was  very  pleasing,  if  only  iu  contrast  with 
the  ordinary  dreary  look  of  the  sandstone  flagging  so  extensively  used 
in  that  city.  This  Yorkshire  flagging  makes  good  and  cheap  sidewalks. 
The  stone  used  *s  generally  sotter  than  tbe  North  Kiver  bluestoue,  so 
well  known  in  New  York,  although  some  of  it  greatly  resembles  our 
flagging. 

33.  London  sidewalks. — The  care  with  wbich  the  sidewalks  are 
laid  in  Loudon  ia  very  noticeable,  contrasting  strongly  with  the  care- 
less manner  in  wbich  ours  are  laid,  except  in  tbe  prominent  business 
streets  and   fashionable   thoroughfares  of  our  large  cities,  tfaau   wbich 
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there  are  no  better  made  sidewalks  in  the  world.  The  Londou  method 
is,  first,  to  carefully  grade  the  grouDd,  sometimes  using  concrete  to 
secure  a  firm  foundation,  where  the  soil  is  too  soft;  generally^  sand  spread 
over  the  levelled  ground  is  considered  good  enougli.  The  curbing  is 
made  of  roughly  '*  pene-bammered''  gray  granite,  12  inches  w^ide  on  the 
top,  and  6  inches  high.  Beside  this  run  the  gutters  draining  the  road* 
way.  The  flagging  is  generally  from  3  to  4^  inches  in  thickness.  The 
edges  are  all  squared,  not  being  just  pi|d3ed  under,  as  is  the  practice 
with  us.  The  edges  are  chiseled,  not  very  elaborately,  but  suflSciently 
for  the  purpose,  so  that  when  the  flagging  begins  to  wear  away,  under 
the  continuous  traffic,  the  joints  will  continue  good  until  it  is  thread- 
bare, if  ever  it  is  allowed  to  remain  long  enough  to  get  into  that  condi- 
tion. A  liberal  allowance  of  mortar  is  thrown  down  on  the  sand  in 
which  to  bed  the  stones.  The  stones  are  placed  close  together,  the 
inspector  of  sidewalks  generally  demanding  that  the  joints  should  not 
be  more  than  a  quarter  of  an  inch  apart,  and  well  filled  with  binding 
and  hardening  cement.  The  surfaces  of  the  flags  are  machine-dressed, 
or  rubbed,  so  that  they  always  meet  evenly  at  the  joints.  The  rough 
stones  are  brought  to  the  streets  to  be  paved  and  are  stacked  in  piles 
The  pavers  take  them,  preparing  the  edges  with  wonderful  rapidity.  It 
was  astonishing  to  see  the  defc  way  in  which  workmen  handled  them. 
The  strength  with  which  they  all  seemed  to  be  well  endowed  was  not 
so  remarkable  as  their  clever  knack  of  working  them,  jerking  them  from 
side  to  side,  and,  by  a  sudden  movement,  turning  them  over,  so  as  to  bring 
the  edge  to  be  squared  uppermost,  and  placing  it  where  anything  put  be- 
hind the  stone  will  serve  to  keep  it  steady  until  turned  again.  They 
have  a  good  way  of  splitting  the  flags:  anything  under  6  inches  thick 
is  broken :in  the  same  way  that  our  marble- workers  use  to  break  up 
their  slabs.  Our  flaggers  can  break  a  stone  very  quickly,  but  no 
quicker  than  the  English  workmen,  who  also  do  it  more  neatly,  and  with 
less  waste  of  material.  A  line  is  drawn  on  the  face  where  a  break  is 
required;  this  is  "strummed"  in  with  a  "pitching-tooP  or  "nicker;'' 
the  edges  are  also  strummed  in.  Then  the  stone  is  smartly  struck  on 
the  back  with  a  round-faced  hammer,  three  blows  generally  breaking 
it  neatly  down  the  line.  The  writer  is  fully  convinced  that  this  method 
can  be  used  by  our  own  flaggers,  as  he  has  seen  it  successfully  done 
with  North  River  bluestone  and  with  all  kinds  of  sandstone  in  the 
brownstone  cutters'  yards,  when  cutting  up  sawn  slabs  for  ashlar.  Al- 
most any  kind  of  thin  stone  can  be  broken  in  this  way,  without  the  use 
of  either  wedges  or  plugs.  ^ 

34.  Asphalt  patements. — The  pavements  between  the  gutters  are 
generally  macadamized,  although,  as  with  us,  stone  and  wooden  blocks  are 
used  quite  extensively.  In  the  city  proper  most  of  the  leading  thorough- 
fares have  recently  been  laid  with  a  new  patented  preparation  of  asphalt. 
Asphalt-covered  i*oads  are  a  great  improvement.  The  noise  of  heavy 
traffic  is  greatly  diminished,  and  it  becomes  possible  for  pedestrians  to 
hear  each  other  speak  without  effort.    At  first  this  new  system  met  with 


28  VIENNA   INTERNATIONAL   EXHIBITION,   1673. 

the  anqualified  approval  of  owners  aod  drivers  of  horses;  bat  com- 
plaints have  recently  been  made  that  ^'  the  least  drop  of  rain  renders 
the  road  so  slippery  that  it  is  as  bad  as  driving  on  ice,  and  the  horses 
continually  stamble  and  lame  themselves."  This  could  probably  be 
obviated  by  sprinkling  sand  over  the  asphaltuni.  It  will  require  very 
strong  remonstrance  to  induce  the  authorities  to  cease  using  the  new 
material.  Its  two  great  qualities,  cleanliness  and  quietness  under  heavy 
traffic,  will  outweigh  a  host  o^niuor  objections. 

35.  Near  the  opera-house  at  Vienna  a  small  piece  of  the  road  is  laid  in 
the  same  way  as  that  just  mentioned.  It  is  the  best  piece  of  road  in  the 
whole  city.  Asphalt  pavements  for  interiors  are  also  much  used  in 
Vienna,  and  specimens  of  this  work  were  shown  at  the  exhibition.  The 
finest  example  is  seen  in  the  fine  hall  of  the  Vienna  Museum  of  Art  and 
Industry.  This  is  laid  in  di£terent  colors.  The  gentleman  who  did  the 
work,  M.  Suppautschitch,  who  exhibited  the  certificate  of  merit  the 
museum  anthorities  had  given  him,  kindly  prepared  a  statement  of  the 
modus  operandi  of  his  business.  The  followiug  is  a  translation  of  his 
communication,  which  will  prove  interesting  as  coming  from  a  man 
who  thoroughly  understands  the  subject : 

Instruction  FOB  WORKMEN  on  asphalt-mosaic. — "1.  Bring  your 
caldron  as  near  as  possible  to  the  place  where  you  intend  to  lay  your 
floor,  in  order  that  you  may  lay  it  down  as  hot  as  you  can  get  it. 

"2,  Put  into  the  caldron  from  10  to  15  pounds  of  pitch;  into  the 
pitch,  put  your  asphalt.  This  latter  must  be  placed  in  the  caldron 
wheti  the  pitch  is  red-hot. 

^^3.  The  asphalt  must  be  pounded  into  small  fragments  before  mix- 
ing with  the  pitch. 

^'4.  After  the  asphalt  has  been  in  the  pitch  an  hour  or  an  hour  and 
a  half,  stir  it  up  well  with  an  iron  bar,  broad  at  the  end,  until  the  as- 
phalt is  perfectly  dissolved.  Once  this  is  done,  fill  the  caldron  with  fine 
sharp  sand ;  allow  this  sand  to  get  warm  for  a  half-hour  by  a  good  fire 
before  mixing,  so  that  it  may  of  itself  combine  with  the  asphalt. 

^'5.  Next  stir  up  the  contents  of  the  caldron  at  short  intervals.  If 
the  composition  become  stiff  and  difficult  to  stir,  add  a  few  pounds  of 
pitch,  using  judgment  as  to  bow  much. 

^'6.  In  laying  it  on  bridges,  thoroughfares,  or  viaducts,  it  is  advisable 
to  use  more  pitch,  as  the  composition  will  then  become  more  elastic. 
The  asphalt  will  set  without  cracking. 

'^  7.  If,  in  stirring  it,  yellow  vapors  arise,  that  is  an  indication  that  the 
composition  is  ready  for  use.  In  order  to  prove  the  fact,  make  the  fol- 
owiug  trial :  dip  a  chip  of  wood  into  the  composition,  and  observe  if  a 
greasy  substance  adheres  to  it ;  if  such  is  the  case,  boil  it  more,  nntil 
yop  are  able  to  take  the  chip  of  wood  out  perfectly  clean." 

'^The  modus  operandi  in  laying  asphalt  is  as  follows:  The  fofemaix  is 
to  see  that  the  ground  to  be  covered  is  well  swept,  and  clear  of  mud, 
damp  clay,  or  any  such  substance.  He  then  lays  down  iron  rails,  3  or  4 
feet  apart.    Those  rails  serve  as  a  rest  for  the  float  used  to  make  a  level 
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surface.  One  man  attends  to  the  caldron,  another  carries  the  prepared 
composition,  in  iron  or  wooden  pails,  to  the  operator.  The  workman 
who  empties  the  caldron  must  not  neglect  to  stir  the  contents  of  the  c&l. 
dron  daring  this  time,  as  the  sand,  being  heavier  than  the  pitch  or  as- 
phalt, is  liable  to  sink  to  the  bottom,  causing  an  uneven  surface. 

36.  Asphalt  in  oolobs. — <<  in  order  to  produce  this,  it  is  necessary 
to  observe  the  following  rules : 

<'  1.  A  foundation  of  concrete  1  to  1^  inches  thick. 

'^  2.  Float  upon  this  a  covering  of  blac\^  asphalt,  half  an  inch  thick, 
as  silicates  will  combine  easiest  with  tbis. 

"  3.  Put  down  your  thin  wooden  strips  according  to  the  pattern  you 
desire  to  produce.  These  rails  of  wood  should  be  cemented  to  the  floor 
wi^h  hot  asphalt. 

^^4.  Then  commence  laying  out  the  black  part  of  the  design.  This 
should  always  be  done  first,  as  the  black  composition  would  be  apt  to 
soil  the  light  colors  if  not  laid  down  first. 

*'  5.  In  order  to  make  the  edges  straight  and  even,  it  is  necessary  to 
smooth  them  with  the  curling-iron,  Fig.  17.  p^^  j^ 

The  wooden  forms  can  be  taken  away 
when  the  composition  becomes  hard  enough 
to  stand  without  support. 

*'  6.  Qnce  the  design  is  all  laid,  you  commence  polishing  it  with  a 
piece  of  smooth  sandstone  attached  to  a  handle,  as  shown  in  Fig.  18. 

Fig.  18. 
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"  PBODUOTION  OP  ARTIFICIAL  BLACK. 

40  per  cent,  chalk ; 

40  per  cent  fine  soft  sand ; 

20  per  cent,  evaporated  coal-tar. 

"WHITE  SILICATE. 

35  per  cent,  chalk ; 

35  per  cent,  pure  white  sand,  (silver-sand ;) 

22  per  cent,  pure  white  rosin ; 

8  per  cent,  tallow. 

"  First  put  the  rosin  into  the  caldron — ^it  must  be  well  melted  \  then 
put  in  your  chalk ;  ^  half-hour  afterwards  mix  in  the  sand ;  stir  well 
and  add  the  tallow. 

"  Asphalt  in  colors,  red,  blue,  yellow,  and  brown,  is  to  be  boiled  like 
the  white  composition,  only  adding  the  respective  mineral  colors." 
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37.  Cement-floors. — Portland  cement,  and  eompositions  that  resem- 
ble that  material,  are  used  for  a  variety  of  purposes  in  Vienna ;  among 
others,  for  making  artificial-stone  sidewalks.  We  also  have  done  a 
little  in  this  way  in  the  United  States,  but  so  little  that  the  business  may 
be  regarded  as  a  novelty. 

M.  Ghailly  is  the  principal  manufacturer  engaged  in  this  business  in 
Vienna.  We  visited  his  exhibit  at  the  Exhibition,  and  also  the  publ  ic 
buildings  in  Vienna  where  he^ad  laid  floors  of  his  pavement.  The  rail- 
road-depots contain  his  best  work, the  large  halls  and  covered  entrances 
being  nearly  all  laid  with  Portland-cement  pavements.  The  work  was 
well  done  and  looke<l  likely  to  be  durable. 

M.  Chain v's  method  is  about  as  follows  :  He,  like  all  Viennese  manu- 
facturers  of  patent  floors,  lays  great  stress  upon  the  necessity  of  taking 
great  pains  with  the  foundations  under  his  preparation.  We  in  the 
United  States  are  somewhat  careless  in  this  particular,  and  are  apt  to 
slight  the  part  which  will  not  be  seen,  forgetting  that  any  defect  here 
will  affect  the  whole  after  a  very  short  time.  A  dry  soil  is  to  be  pre- 
ferred, but  if  it  should  be  moist,  marshy,  or  a  clayey  soil,  great  care 
must  be  taken  to  make  the  foundation  as  firm  as  possible.  This  will  be 
a  matter  in  which  the  workman  must  exercise  his  own  judgment  and 
experience. 

The  first  layer  of  concrete  should  be  composed  of  one  part  cement  and 
three  of  coarse  gravel.  This  is  laid  upon  the  soil  which  is  already 
smoothed  and  graded.  The  thickness  of  this  layer  will  vary  according 
to  .the  nature  of  the  soil.  The  second  layer  should  be  mixed  in  equal 
parts,  two  of  cement  and  two  of  fine  sand.  Then  a  third  layer,  equal 
parts  cement  and  sand,  completes  the  work. 

The  workman  finishes  a  piece  about  3  teet  wide,  from  the  wall  to  the 
curb,  before  he  attempts  to  touch  another  length.  The  first  layer  is  to 
be  well  rammed  down  to  make  it  compact }  the  other  two  layers  are  to 
be  floated  on  as  quickly  as  possible.  It  requires  about  four  days  for  the 
sidewalk  to  harden.  During  tbis  time  it  should  be  frequently  sprinkled 
with  water. 

Spring  or  autumn  is  the  best  season  in  which  to  lay  the  cement. 
Summer  is  too  drv,  and  winter  weather  is  too  severe.  A  sidewalk  thus 
prepared  will  last  about  fifteen  years. 

The  curbing  is  also  made  of  cement.  This  is  generally  formed  in  a 
mold.     The  joints  are  made  to  fit  into  each  other  to  prevent  shifting 

after  they  are  set,  as  shown  in  Fig.  19.  The 
body  of  this  curb  is  composed  of  three  and  a  half 
parts  broken  stone  or  gravel  to  one-half  part  of 

"11^*'^"" — ; cement ;   it  is  coated  with  a  surface  of  equal 

Fig.  19.— Cement-curbing,  parts  fine  sand  and  cemenjb.  Steps  are  made  in 
the  same  way.  These  would  serve  for  door-steps  if  they  had  no  weight 
to  carry.  The  makers  of  such  concrete-work  claim  that,  when  properly 
hardened,  it  is  stronger  than  stone.    This  is  doubtful,  especially  as  in  all 
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the  baildings  we  have  seen,  stoue  is  preferred  by  the  architects,  who  are 
the  most  competent  judges  of  the  relative  valaes  of  bailding-materials. 

38.  It  is  impossible,  without  filling  a  volume,  to  notice  all  the  devices 
shown  at  Vienna  by  various  nations,  chiefly,  however,  by  Austria  and 
Germany,  for  covering  the  floors  of  hall- ways  and  corridors,  or  for  mak- 
ing sidewalks. 

There  were  tiles  made  of  gypsum,  with  inlays  of  various  colors,  which 
could  be  scratched  out  with  one's  flnger-ns^ls ;  tiles  made  of  cement,  with 
^gments  of  marble  mixed  in  them ;  tiles  of  slate ;  tiles  of  common  red 
day  ;  but  there  waa  not  a  single  exhibit  of  a  real  marble  floor,  that  we 
could  discover.  Here  we  have  an  advantage ;  we  can  quarry,  saw  in 
slabs,  and  fix  into  their  places  real  marble  tiles,  native  material,  cheaper 
than  the  imitations  can  be  manufactured  and  laid. 

Bricks  are  very  often  used  for  sidewalks  in  Europe,  and  make  admi- 
rable sidewalks.  Common  red  brick  does  well,  but  the  glazed  brick,  also 
made  by  our  manufacturers,  does  better.  The  principal  precaution  to 
be  taken  by  those  who  wish  to  try  bricks  is  to  look  well  to  the  founda- 
tion of  the  proposed  sidewalk  before  laying  down  the  pavement. 


CHAPTER    IV. 


CEMENT,  STUCCO,  AND  TERRA-COTTA. 

Stucco,  its  use  in  Vienna  and  London  ;  Use  of  Portland  cement  ;  Austrian 
CEMENT ;  Style  of  Viennese  buildings  ;  Terra-cotta,  its  history  and  value  ; 
Improvements  in  manufacture  ;  Work  of  the  art-schools. 

39.  The  most  noticeable  coDtrast  between  our  methods  of  bailding- 
constraction  and  those  in  vogae  in  Europe  arises  from  the  fact  that 
we  use  stone,  bricks,  iron,  and  wood  for  oar  fronts,  while  there  they 
nse,  in  addition,  other  materials  which  we  do  not  generally  use,  such 
as  concrete,  cement,  stucco,  and  terra-cotta. 

A  traveller  who  for  the  first  time  visits  Europe,  can  scarcely  believe 
that  the  magnificent  fronts  seen  in  some  cities,  as  in  Vienna,  are  not 
constructed  of  stone.  The  stucco  with  which  they  are  plastered  is 
made  to  imitate  stone  so  perfectly  that  it  is  no  wonder  that  he  is  at 
first  misled,  and  that  he  should,  when  undeceived,  think  it  a  method  of 
building  well  worthy  of  introduction  into  his  own  country,  forgetting 
that  it  is  still  a  novelty,  and  a  deception  quite  as  much  as  is  brass  jewelry 
made  in  imitation  of  gold. 

No  one  should,  say  dogmatically  tlfat  we  should  not  use  stucco,  or 
that  it  is  not  a  good  building-material  when  used  under  proper  condi- 
tions. The  Exhibition-building  was  an  excellent  illustration  of  its  judi- 
cious application.  Built  for  a  temporary  purpose,  it  was  desirable  that 
it  should  be  made  sightly  and  ornamental,  and  at  as  little  expense  as 
possible.  Stucco  was  the  very  thing  in  this  case,  cheap,  capable  of 
being  rapidly  put  up  and  readily  pulled  down.  For  this  purpose  it  was 
better  than  stone.  The  use  of  stone  was  out  of  the  question;  it  would 
have  cost  too  much,  and  would  have  taken  too  long  in  preparation. 
This  is  a  specially  good  illustration  of  the  case  in  which  a  cheap  imita- 
tion could  not  be  deemed  an  attempt  at  imposition.  But  we  cannot  say 
as  much  for  all  the  stucco  which  the  Viennese  have  put  upon  other 
buildings.  To  adopt  all  their  cunning  methods  of  making  imitations 
appear,  better  than  the  real,  would  demoralize  both  our  workmen  and 
their  employers.  This  we  too  often  do,  and  it  is  done  in  every  country 
in  the  world  in  which  modern  civilization  has  tended  toward  the  produc- 
tion of  shoddy,  that  rank  weed  which  chokes  real  and  honest  progress. 

The  beautiful  part  of  the  city  of  Vienna  is  of  recent  construction, 
dating  from  the  levelling  of  the  old  ramparts  and  the  laying  out  on 
their  site  of  the  fine  boulevard  known  as  the  Bingstrasse.  In  this  fact 
may  perhaps  be  found  the  key  to  the  motive  for  the  extensive  use  of 
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oernent  Id  baildiug.  The  moneyed  men  began  to  pall  down  and  to  re- 
build too  freely,  as  perhaps  recent  financial  panics  have  proven.  This 
work  became  a  means  of  speculation.  Although  stone  is  very  cheap 
in  Austria,  in  comparison  with  the  prices  paid  here,  it  was  too  expen- 
sive for  the  stock-companies  and  speculators  who  were  anxious  to  get 
rich  quickly.  They  are  compelled  by  the  fire-laws  to  build  solid  and 
heavy  walls.  This  could  be  done  with  the  huge,  cheap  bricks  manufac- 
tured outside  the  city,  but  the  fronts  needed  covering  up ;  cement- 
stucco  was  precisely  the  thing  needed  to  make  elegant  edifices  of  very 
rough  and  common-looking  brick-work.  Owners  could  demand  high 
rents  while  their  buildings  continued  to  wear  well.  This  they  did  not 
fail  to  do.  The  buildings  had  not  been  erected  long  enough  to  prove 
that  they  would  last  well ;  they  have  already  been  mended,  scraped, 
and  repainted.  This  fact  is  sometimes  used  as  an  argument  in  favor  of 
stucco :  ^'  It  can  always  be  made  to  look  new  and  bright,  at  small 
expense,  with  a  little  scraping  and  a  coat  or  two  of  wash." 

40.  Ten  years  ago,  stucco  had  reached  the  zenith  of  its  popularity  in 
London,  whole  districts  being  covered  with  stucco-fronted  houses.  Sud- 
denly public  opinion  veered  around  completely.  Now,  it  is  very  seldom: 
used,  where  formerly  thousands  of  houses  had  been  fronted  with  it. 
The  reason  for  this  sudden  change  in  public  sentiment  is  easily  learned. 
The  immediate  cause  of  the  disuse  of  stucco  in  London  was  the  attempt 
of  some  of  its  advocates  to  induce  the  House  of  Commons  to  vote  a 
large  sum  of  money  to  be  used  in  building  some  of  the  public  buildings 
at  South  Kensington,  where  it  was  proposed  to  use  stucco  very  exten- 
sively. This  proposition  brought  down  a  storm  upon  the  heads  of  its 
advocates.  The  truth  came  out.  Instance  after  instance  was  adduced 
to  show  that,  after  a  few  years,  it  fell  to  pieces  unless  continually  mended 
and  painted.  The  money  was  not  granted  to  build  in  stucco.  The  cap- 
italists who  had  first  used  it  began  to  tire  of  it.  Their  turn  was  served. 
They  had  run  up  fine-looking  houses  at  the  West  End  to  meet  a  grow- 
ing want  felt  seriously  in  London  a  quarter  of  a  century  ago  when  the 
wealthy  people  of  that  great  metropolis  began  to  move  westward.  The 
capitalists  had  charged  high  rent  on  short  leases,  as  the  Viennese  are 
now  doing.  They  began  to  be  ashamed  of  the  shoddy-lookiug  places 
they  had  formerly  advertised  as  ^'elegant  and  desirable  mansions.'' 
Time  had  quickly  made  havoc  with  their  shams.  I^ow,  whole  rows  of 
these  buildings  are  pulled  down,  as  the  leases  expire,  and  good  brick 
and  stoue  houses  are  erected  in  their  places.  Still,  stucco  had  paid, 
and  paid  magnificently,  as  is  indicated  by  the  immense  increase  of  the 
income  of  the  Marquis  of  Westminster,  the  principal  owner  of  these 
buildings.  There  was  another  effect  produced  by  this  rush  into  specu- 
lative building.  The  builders,  foremen,  and  workmen  became  so  demor- 
alized by  their  continual  employment  in  the  building  of  shams  that 
they  grew  reckless,  and,  to  make  a  larger  profit  for  themselves,  put  less 
cement  and  more,  sand  into  the  composition,  so  that,  at  last^  it  would 
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hardly  hold  together  long  enough  to  permit  them  to  take  away  the  scaf- 
folding. The  Viennese  may  not  have  reached  this  stage  yet,  under  the 
eye  of  their  police,  the  power  of  these  officials  being  greater  and  more 
freely  exercised  among  the  Austrian  and  German  peoples  than  it  is  in 
Anglo-Saxon  communities;  but  there  is  little  doubt  that  they  ^^ scamp" 
their  work  in  the  many  corners,  and  run  moldings  carelessly.  Some- 
times a  member  will  be  a  half-inch  wider  at  one  end  than  at  the  other, 
and  cracks  appear  all  over  the  fronts,  looking  as  if  a  sharp  frost  would 
open  them,  dropping  huge  flakes  upon  the  heads  of  those  beneath.  But 
it  Is  at  the  back  of  the  houses  that  bad  work  can  be  most  readily  found. 
We  have,  from  our  window,  seen  the* occupants  of  the  room  opposite, 
on  the  other  side  of  the  court-yard,  dislodge  a  yard  or  two  of  stucco 
cornice,  fearing  that,  if  left,  it  might  fall  upon  the  head  of  some  un- 
lucky person  beneath.  This  is  a  bad  material  to  use  in  parts  of  the 
United  States  where  the  mercury  sometimes  falls  as  low  as  15^  or  2<K> 
below  zero. 

In  the  course  of  our  inquiries,  it  became  necessary  to  visit  the  cement 
manufacturers  and  dealers.  They,  one  and  all,  as  was  quite  natural, 
said,  '^  This  is  -a  most  excellent,  indeed,  the  very  best  material  to  use." 
They  were  in  harmony  on  this  point ;  but  each  claimed  to  make  the  very 
best  cement  in  the  market ;  his  neighbor's  being  invariably  defective  in 
some  important  particular. 

41.  Use  of  cement. — The  directions  for  using  cement,  and  other 
particulars  gleaned  from  them,  may  prove  useful  as  a  means  of  compari- 
son of  our  own  cements  with  theits.  The  only  efficient  test,  however, 
is  to  apply  it  experimentally,  and  await  the  effects  of  time  and  weather. 
Testing  by  weights  and  pressure  is  by  no  means  reliable,  as  specimens 
of  the  same  material,  prepared  under,  apparently,  precisely  similar  con- 
ditions, will  often  show  most  astonishing  dissimilarity  of  results,  when 
thus  tested. 

It  is  to  be  observed  that  the  English  Portland  cement  is  generally 
taken  as  the  standard  of  comparison,  and  of  the  numerous  kinds  manu- 
factured there,  that  of  I.  C.  Johnson  &  Co.  is  generally  considered  to 
rank  among  the  best.  This  Arm  exhibited  cement  at  the  exposition, 
having  sent  it  previously  to  but  one  exhibition — ^that  held  in  Havre  in 
1865,  where  they  were  awarded  a  gold  medal.  Accompanying  their 
exhibit  at  Vienna  were  printed  statements  of  its  properties,  and  direc- 
tions for  using  it.    Extracts  from  these  directions  are  here  given : 

**  This  article  is  of  a  gray  stone-color,  and  does  not  require  any  color- 
ing more  than  it  possesses  in  itself;  this  quality  renders  it  particularly 
suitable  for  stuccoing  the  outside  of  public  buildings,  as  well  for  orna- 
mental as  for  plain  surfaces. 

"The  French  and  Dutch  government  engineers,  as  well  as  the 
English,  have  subjected  the  English  Portland  cement  to  very  severe 
tests,  and  have  established  the  fact  that,  on  account  of  its  great  binding 
power,  durability,  and  hardness,  it  is  indispensable  in  all  maritime  works. 
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DuriDi^  the  last  fire  years,  20,000  tons  of  I.  G.  Johnson  &  Co.-s  Portland 
cement  were  used  for  the  harbor  at  Havre. 

^^  In  analysis,  the  chemical  composition  of  I.  G.  Johnson  &  Co.'s  Port- 
land cement  may  be  stated  as  follows  : 

Lime 49. 80 

Alamina 11. 30 

Silica  ..   18.60 

Iron 17.90 

Magnesia 70 

Water 1.70 


100.  00 
In  mixing — 

'^  Use  clean  water,  and  mix  to  the  consistence  of  common  mortar. 

'^  The  sand  to  be  nsed  with  Portland  cement  should  be  quite  clean, 
fre^  from  all  earthy  substance,  and  sharp. 

"  The  bricks,  or  the  work  on  which  Portland  cement  is  used,  should  be 
first  well  wetted,  and  when  the  cement  has  commenced  setting,  it  should 
never  be  disturbed,  as  it  cannot  be  renewed. 

"  For  ordinary  stuccoing,  the  walls  should  be  well  cleaned  and  wetted ; 
for  the  first  coat,  three  to  four  parts  of  coarse  river-sand  to  one  of 
cement  may  be  nsed ;  and  after  this  is  well  hardened,  for  the  second 
coat,  to  finish  oli,  finer  sand  may  be  employed,  three  parts  to  one  of 
cement.  Such  work,  if  neatly  jointed,  bears  an  exact  resemblance  to 
Portland  stone,  but  it  is  better  calculated  to  resist  the  weather  than  the 
stone.'^  [  1  ] 

^'  For  moldings,  equal  parts  of  cement  and  sharp  sand  should  be  used. 

^^  It  is  admirably  adapted  for  flooring  in  auy  situation  where  a  stone 
floor  is  desirable.  The  ground  must  be  first  well  rammed  and  levelled 
with  broken  stone ;  then  the  paving  can  be  filled  up  to  the  required 
thickness  with  one  part  of  cement  to  three  or  four  of  shingle  or  crushed 
bricks;  it  must  then  be  finished  off  with  a  steel  float;  or,  if  the  pave- 
ment is  out  of  doors,  a  wooden  float  should  be  nsed.  Another  mixture 
for  paving  is  to  put  two  layers,  first  one  of  four  or  five  parts  of  coarse 
gravel  to  one  of  cement,  which  should  be  overlaid  with  one-inch  cover- 
ing of  equal  pa;!rts  of  cement  and  sand. 

<<  For  reservoirs,  gas-tanks,  &c.,  uhc  two  parts  of  sharp  sand  to  one 
part  of  cement  for  the  brick- work,  and  coat  the  inside  with  a  mixture  of 
two  parts  of  cement  to  one  of  sand,  about  an  inch  in  thickness ;  or,  take 
pure  cement. 

'<  For  coal-pits  or  other  places  where  the  water  is  to  be  dammed  back, 
the  cement  should  be  used  with  less  sand  than  in  other  cases,  and  some- 
times it  ma^"  be  better  to  nse  it  without  any  sand. 

'<For  breakwater  and  harbor  works,  as  at  Dover  and  other  places, 
blocks  may  be  formed  in  frames  by  mixing  six  parts  of  coarse  gravel 
with  one  of  cement,  into  which  mass  may  be  inserted  about  one-fourth 
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of  the  whole  bulk  of  rabble-stone ;  the  mixtare  will  then  be  about  eight 
to  nine  parts  of  gravel  and  rabble-stone  to  one  part  of  cement.  These 
blocks  become  hard  and  durable,  and  will  resist  all  decomposing  influ- 
ences of  the  sea  or  of  the  atmosphere. 

^'  If  a  fine  surface  is  required  for  the  blocks,  to  make  them  appear  like, 
stone,  for  facing  breakwaters,  &c.,  the  sides  of  the  mold  should  first  be 
plastered  about  one  inch  in  thickness  with  a  mixture  of  half  cement 
^nd  half  sand;  the  interior  of  the  block,  of  course,  is  filled  up  as  before. 

^*  For  castings,  pure  cement  should  first  be  put  into  the  mold,  and 
then  filled  up  with  one  part  of  cement  and  two  or  three  parts  of  broken 
stone,  or  clean,  sharp  sand ;  it  must  not  then  be  disturbed  until  quite 
hard." 

42.  Saullick  and  Curti  are  the  two  principal  manufacturers  and  dealers 
in  the  cements  used  in  Vienna.  Alexander  Curti  has  the  contract  to  sup- 
ply the  Vienna  water-works  with  2,000,000  barrels  of  cement  and  hy- 
draulic lime.  This  gentleman  intended  to  exhibit  at  the  Exhibition  a 
tower  built  of  his  cement,  but  owing  to  a  defective  foundation  his  tower 
had  to  come  down.  The  cement  of  this  firm  is  a  good  article,  notwith- 
standing their  bad  luck  in  this  instance.  Tall  &  Co.,  an  English  firm, 
whose  specialty  is  the  construction  of  houses  of  concrete,  used  Curti^s 
cement  in  building  the  house  erected  behind  the  machinery-hall.  Tbis 
was  the  only  instance  in  which  the  cement  was  used  at  the  exhibi. 
tion. 

Saulllck's  Perlmoor  cement  is  very  much  used  in  Austria.  It  is  very 
fine,  almost  if  not  quite  as  good  as  the  best  Portland  cement.  It  has 
been  subjected  to  severe  tests,  and  to  analysis,  as  the  following  trans- 
lation of  the  report  of  an  eminent  German  chemist  indicates : 

EEPORT  ON  CEMENT  MANUPAOTUEED  BY  SAULLICK,  AT  PEBLMOOB, 

NEAR  WOEGEL,  TYROL. 

43.  ^'Mr.  Saullick  handed  me,  several  months  ago,  a  few  samples  of 
his  cement. 

"My  assistant,  Mr.  Wagner,  tested  these  samples  thoroughly  in  my 
laboratory.  As  there  have  been  executed  in  my  laboratory  two  other 
analyses  of  English  Portland  cement,  one  by  Dr.  Hopfgarten,  the  other 
by  Dr.  Feichtinger,  I  am  able  to  compare  the  ingredients  of  Mr.  Saal- 
lick's  cement  with  them,  and  the  result  is  as  follows : 
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^'  From  this  comparison  it  will  be  seen  that  Saullick's  cement  contains 
a  little  more  lime  and  less  flint-dust  than  the  English  Portland  cements, 
bat,  on  the  whole,  it  shows  a  great  similarity  to  them  in  composition.  As 
we  are  well  aware  of  the  fact  that  two  cements  of  the  same  chemical  com- 
position may,  nevertheless,  possess  quite  different  adhesive  powers,  i.  e.j 
whether  they,are  united  closely  or  loosely,  a  mere  analysis  of  the  cement 
does  not  satisfy  the  mind  regarding  its  quality. 

^'Former  trials  have  proved  that  the  physical  condition  and  the  chemi^ 
cal  composition  of  the  clayey  substances  exercise  the  greatest  influence 
on  the  quality  of  the  product  which  is  obtained  by  the  ^^  glowing"  of 
the  natural  and  artificial  mixtures  of  clay  and  carbonic  acids,  and  which 
are  called  hydraulic  limes  or  cements.  The  clay  of  f  he  Med  way  Biver, 
which  is  nsed  for  the  manufacture  of  Portland  cement,  contains,  in  100 
parts  flint-dust-— 

Clay 17.00 

Alkali 2.08 

Soda 3.00 

Oxi  de  of  iro  n 2 1 .  06 

While  the  common  hydraulic  lime,  in  100  parts  flint-dust,  contains 
less  than  one-half  these  quantities  of  clay  and  iron, 

"  For  this  reason  I  had  sent  to  my  laboratory,  by  Mr.  SauUick,  some 
unbamt  cement  stones,  in  order  to  investigate  thoroughly  the  contents 
of  the  contained  clays.  The  stone  is  very  uniform  in  its  formation,  and, 
during  the  process  of  analysis,  emits  a  bituminous  smell,  and  yields  am- 
moniacal  vapors. 

**  In  hydrochloric  acid,  78.03  per  cent,  dissolves,  consisting  of — 

Carbonate  lime 72.15 

Carbonate  magnesia 3.25 
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Oxideofiron 1.00 

Clay 0.50 

Water * 1.40 

and  20.4  per  cent,  remains  as  an  insoluble  precipitate  in  the  acid ;  this 
is,  therefore,  the  clayey  substance  of  the  stone.  Kow,  this  cji^y  con- 
tains, in  one  hundred  parts  flint-dust — 

Clay 17.03 

Potash 4.08 

Soda 3.08 

Oxideofiron 9.06 

^^  If  we  compare  the  composition  of  the  clay  of  Saullick's  cement- 
stone  with  that  of  the  river  Medway,  the  result  is  reached  that  these 
clays,  in  their  proportion  of  flint-dust  and  clay,  are  equal,  and  that  they 
only  differ  in  proportions  of  alkalies  and  oxide  of  iron. 

<^  There  is  yet  an  important  feature  for  the  Portland  cement,  namely, 
its  adhesiveness — ^the  force  by  which  the  particles  adhere  to  each  other, 
and  which  is  indicated  by  its  density.  While  some  of  our  common 
light  cements  in  the  ground  condition  weigh  45  to  50  pounds  per  cubic 
foot,  a  cubic  foot  of  Portland  cement  weighs  83  pounds.  The  SauUick 
cement  weighs  83.47  pounds  per  cubic  foot,  and  is  therefore  similar  to 
Portland  cement  in  this  important  particular. 

'*  Dr.  Mat.  Peltenkafee.'^ 

It  must  b^  borne  in  mind  that,  in  Vienna,  there  is  an  abundance  of 
good  sand  from  the  valley  of  the  Danube.  This  is  an  important  point, 
as  cement  is  very  seldom  used  without  mixture ;  hence,  the  cement  that 
wiU  mix  well  with  sand,  without  losing  its  adhesive  power,  is  commer- 
cially the  best. 

The  process  of  mixing  and  using  is  the  same,  or  nearly  the  same,  as 
that  given  above,  in  the  "  directions  for  using,"  by  Johnson  &  Co. 

If,  at  the  Centennial  Exhibition  to  be  held  at  Philadelphia,  a  collection 
of  the  native  cements  and  hydraulic  limes  of  the  United  States  could 
be  shown,  with  a  carefully-prepared  statement  of  the  qualities  possessed 
by  each,  and  of  the  points  of  difference  between  them  and  the  best 
European  cements,  the  exhibit  and  statement  would  be  of  great  prac- 
tical value. 

44.  The  Viennese  have  been  most  fortunate  in  the  architects  who 
have  designed  their  modem  buildings.  The  favorite  style — the  Kenais- 
sauce — allows  a  wide  scope  for  the  introduction  of  sculptured  ornament 
and  rich  molding.  These  adjuncts  have  been  freely  used,  but  with  good 
taste.  Not  a  little  of  the  admiration  elicited  from  visitors  to  the  Aus- 
trian capital  is  largely  due  to  the  beauty  of  the  street  fagades.  The 
buildings  have  a  general  uniformity,  but  vary  in  their  details.  Though 
leaning  to  the  French  school,  the  Viennese  have  given  to  the  Renais- 
sance a  tone  all  their  own.  Their  interiors  are,  to  the  writer's  taste, 
much  more  beautiful  than  their  exteriors. 
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All  their  modera  pablic  buildings,  sacli  as  the  opera-house,  the  new 
maseams,  Votive  church,  the  palace  of  the  archduke,  the  new  exchange, 
the  barracks,  &c.,  are  built  either  of  stone  or  brick.  This  would  in- 
dicate that  the  authorities  have  but  little  faith  in  stucco. 

45.  In  all  stuccoed  buildings  where  Strength  is  required,  stbne  or  some 
other  strong  material  is  nsed. 

The  chief  points  urged  in  favor  of  stucco  are,  first,  its  cheapness  as 
compared  with  stone  or  pressed-brick  work,  and  consequently  the  facil- 
ity it  gives  for  applying  at  small  cost  what  would  be  enormously  expen- 
sive if  wrought  in  the  costlier  materials ;  secondly,  the  ease  with  which 
it  can  be  cleaned  and  repainted  when  it  is  weather-stained. 

Garden-houses,  statues,  ornamental  curbing,  brackets,  fountains,  &c., 
are  made  of  cement.  Very  much  of  the  so-called  patent  stone  is  noth- 
ing more  than  cement,  sand,  and  a  little  coloring-matter.  There  was  a 
large  exhibit  of  the  above-mentioned  articles,  made  chiefly  in  Austria 
and  Germany. 

46.  There  was  also  exhibited  a  large  collection  of  a  much  finer  and 
more  durable  material,  one  that  is  no  imitation,  but  which  may,  of  right, 
be  considered  as  a  building-material  and  as  an  artists'  material  as  much 
as  stone,  wood,  or  iron — terra-cotta.  This  is  a  product  that  it  would  pay 
well  to  manufacture  in  the  United  States.  A  market  much  greater 
than  at  present  exists  would  readily  be  found  for  really  good  work 
among  our  own  people.  It  seems  strange,  when  it  is  remembered  that 
we  make  some  of  the  most  beautiful  bricks  manufactured  in  the  world, 
that  we  have  not  developed  an  American  terra-cotta.  Terra-cotta  to 
brick-work  is  what  the  flower  is  to  the  plant — ^its  natural  outgrowth. 

It  has  been  used  since  the  earliest  times.  In  the  British  Museum, 
specimens  of  ancient  terra-cotta  are  shown,  at  least  two  thousand  years 
old.  In  Europe  the  last  fifteen  years  have  witnessed  a  great  revival  of 
this  manufacture,  especially  in  Austria,  Germany,  and  Engf  and.  In  the 
latter  country  has  been  built  the  largest  building  ever  constructed  with 
this  material — the  Boyal  Albert  Hall. 

47.  The  cMef  points  of  improvement  made  during  the  last  decade 
consist  not  so  much  in  the  improved  designs  as  in  the  system  of  manu- 
facturing. The  old  systems  of  kilns  are  superseded  by  new  circular 
ovens,  based  for  the  most  part  on  Hoffman's  plan.  Goal  is  used  instead 
of  wood,  producing  a  great  saving  in  cost  of  fuel,  the  coal  used  being 
the  siftings  and  refuse  of  the  coal-pits.  The  powerful  draught  of  Hoff 
man*s  system  causes  almost  anything  to  burn  strongly  and  evenly,  while 
there  is  little  if  any  waste  of  heat.  Much  attention  has  also  been  paid 
to  the  correction  of  the  contraction  and  distortion  caused  by  the  shrink  - 
age  of  the  clay  during  the  period  of  firing.  The  manufacturers  have 
learned  to  allow  for  this,  having  set  down  for  reference  and  guidance  a 
scale  of  probable  shrinkage  for  all  kinds  of  ware. 

48.  The  many  art-schools  and  museums  established  by  the  European 
governments  have  produced  a  very  efficient  class  of  artist-workmen 
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who  do  the  modelling  and  designing  necessary  in  this  mannfacturei  and 
add  greatly  to  the  valae  of  the  modem  work.  It. is  noticeable  that 
modem  art- work  is  tending  more  to  a  level.  There  are  not  so  many 
leviathans  of  art,  bat  there  are  more  average  artists  who  might,  cen- 
taries  ago,  have  been  considered  masters,  bnt  who  to-day  have  so  many 
eqaally  talented  competitors  that  they  rate  bnt  as  men  of  average 
standing. 

Any  one  interested  in  the  prodaction  of  terra-cotta  will  find  mncb  val- 
uable information  in  a  paper  read  by  its  author,  Mr.  Charles  Barry, 
architect,  before  the  Boyal  Institute  of  British  Architects.  (No.  14  Ses- 
sional Papers,  1867-'68.)  Mr.  Barry  has  had  great  experience  in  the 
use  of  this  material  for  architectural  purposes. 


CHAPTER  V. 


ARTIFICIAL  STONE. 

RaXS094E'S  STOXE  ;  HISTORY  OP  THE  INVENTION;  CHEMISTRY  OF  MANUFACTURE  J  ThE 
LATER  PROCESS  J  HiSTORY  ;  CHEMISTRY ;  BELGIAN  ARTIFICIAL  STONE  J  INCREASE  OF 
BUSINESS. 

49.  The  inanafacturers  of  this  article  in  America  know  more  of  the 
method  of  production  than  coald  be  gleaned  by  any  one  at  the  exhibi- 
tion ;  the  ODly  illastration  of  this  work  being  a  solitary  specimen^  ex- 
hibited in  the  Danish  section — a  medallion  executed  by  a  Copenhagen 
firm.  Still,  the  manafactnring  of  this  stone  has  made  such  rapid  strides 
that  this  report  would  be  incomplete  without  some  reference  to  it. 

Mr.  Eansome,  the  inventor,  makes  no  secret  of  his  method,  and  has 
fully  explained  it  in  a  paper  communicated  by  him  to  the  mechanical 
section  of  the  British  Association  at  Brighton,  August  20, 1872,  from 
which  the  following  statement  is  an  extract: 

50.  ^'  His  [the  inventor's]  investigation  into  the  nature  and  properties 
of  stone  commenced  nearly  thirty  years  since,  and  he  found  that,  with 
few  exceptions,  the  hardest  and  most  durable  stones  were  those  which 
contained  the  largest  proportion  of  silica.  After  numerous  attempts  of 
combining  crystals  of  sand  with  powdered  glass,  under  hydraulic  pres- 
sure, and  uniting  the  mass  by  partial  fusion,  and  after  having  exhausted 
the  combinations  of  these  substances  with  the  various  cements,  it  oc- 
curred to  the  author  to  substitute  a  concentrated  solution  of  silicate  of 
soda  or  potash  for  the  other  cementing  materials  he  had  previously  em- 
ployed. 

*^  This  solution  of  silicate  of  soda  or  potash  being  mixed  with  saud  and 
pressed  into  a  mold  formed  when  dried  a  very  hard  stone,  having  a  close 
and  uniform  texture,  but  which,  however,  disintegrated  upon  being  ex- 
posed to  moisture.  The  next  step  was  to  submit  the  compound  to  the 
action  of  heat,  when  the  free  alkali  of  the  cementing  silicate  combined 
with  an  additional  quantity  of  the  silex  of  the  sand,  and  produced  an  in- 
soluble silicate,  unaffected  by  moisture.  In  the  course  of  time,  however, 
the  efflorescence  of  a  salt  was  observed  to  form  on  the  surface  of  the 
stone  in  buildings  where  it  had  been  used.  This  for  the  most  part 
proved  to  be  sulphate  of  soda,  which  existed  originally  in  the  soda-ash 
used  in  the  manufacture  of  the  silicate.  This  objection  was  removed  by 
treating  the  solution  of  soda  with  caustic  baryta  before  using  it  in  the 
preparation  of  the  silicate. 
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<^  Such,  in  general,  were  the  resalts  the  author  had  obtained  by  the 
year  1859.  •••••• 

51.  '^  The  process  of  the  manufacture  of  the  solution  of  silicate  of  soda 
has  been  so  fully  and  frequently  described  in  various  scientific  journals, 
that  the  author  considers  it  unnecessary  to  do  more  than  simply  allude 
to  it  here.  Ordinary  flint-stones  are  subjected  to  the  action  of  a  strong 
solution  of  caustic  soda  in  cylindrical  boilers  or  digesters,  under  steam- 
pressure  of  from  60  pounds  to  80  pounds  to  the  square  inch.  "Under 
these  conditions  the  flint  is  rapidly  dissolved  by  the  solution  of  caustic 
soda,  and  silicate  of  soda  in  solution  is  produced,  which,  after  being 
discharged  from  the  boiler,  is  concentrated  by  evaporation  to  a  specific 
gravity  of  17000,  and  contains  about  66  per  cent,  of  silicate,  33  per  cent, 
of  soda. 

"  In  manufacturing  the  stone,  the  silicate  is  thoroughly  incorporated 
with  clean,  dry  sand,  and  other  suitable  siliceous  or  earthy  ingredi- 
ents, in  a  mixing-mill  specially  constructed  for  the  purpose,  when  the 
compound  assumes  a  stiff,  pasty  consistency,  is  readily  pressed  into 
molds  of  any  required  form  or  pattern,  and  is  capable  of  receiving 
and  retaining  the  mpst  delicate  impressions.  If,  now,  the  mass  be  al- 
lowed to  dry  gradually,  at  an  ordinary  temperature,  it  will  become 
hard  and  to  all  appearance  a  perfect  sandstone;  but  inasmuch  as  the 
several  particles  of  sand,  &c.,  are  combined  together  by  a  soluble  silicate, 
if  exposed  to  the  action  of  water  the  silicate  will  soon  become  redis- 
solved,  the  sand  and  other  ingredients  will  be  set  free,  and  the  mass  en- 
tirely disintegrated. 

"  The  next  problem  was  to  determine  how  to  convert  the  soluble  sili- 
cate of  soda  into  some  insoluble  silicate,  which  should  possess  the  prop- 
erties requisite  for  the  formation  of  a  good,  hard,  compact,  and  durable 
stone,  without  the  action  of  fire-heat,  which  had  been  found  so  inconven- 
ient and  expensive  in  its  application  in  former  methods. 

"  In  the  year  1861,  in  consequence  of  the  premature  decay  of  the  stone  of 
the  houses  of  Parliament,  a  committee  was  appointed  by  the  government 
to  examine  and  report  on  the  causes  of  such  decay,  and  the  best  means 
of  preserving  the  stone  from  further  injury.  The  author,  in  common 
with  others,  was  summoned  to  give  evidence  on  the  subject,  having  for 
some  years  previously  been  engaged  in  working  a  process,  patented  by 
himself,  for  preserving  stone,  by  first  saturating  it  with  a  solution  of 
silicate  of  soda,  and  afterwards  applying  a  solution  of  chloride  of  cal- 
cium, which  immediately  decomposed  the  former  and  produced  an  in- 
soluble silicate  of  lime  in  the  stone  so  operated  upon.  In  order  to  demon- 
strate conclusively  the  efficiency  of  such  application,  he  proposed  to  re- 
duce a  piece  of  stone  to  powder,  and  then  by  the  aid  of  those  two  solu- 
tions to  reconvert  the  powder  back  into  a  solid  stone. 

"  The  experiment  was  tried,  and  the  result  was  so  completely  success- 
ful, that  a  patent  for  the  manufacture  of  artificial  stone  by  the  employ- 
ment of  these  ingredients  was  at  once  obtained,  and  arrangements  were 
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made  for  carrying  ont  the  same  apon  an  extended  and  {Mractical  scale. 
In  doing  so  the  mixtare  of  sand,  silicate,  &c.,  when  molded  as  pre- 
yionsly  described,  was  Immediately  removed  to  benches  placed  over 
open  tanks,  or  immersed  therein,  and  completely  saturated  with  a  solu- 
tion of  chloride  of  calcium.  This  operation,  in  cases  of  large  masses,  is 
materially  assisted  and  accelerated  by  aid  of  air-pumps,  &c.  Double 
decomposition  of  the  two  solutions  of  silicate  of  soda  and  chloride  of  cal- 
cium immediately  takes  place,  resulting  in  the  production  of  an  insolu- 
ble silicate  of  lime,  firmly  uniting  and  enveloping  all  the  particles  of 
which  the  object  under  treatment  is  composed,  and  a  solution  of  chloride 
of  sodium  or  common  salt,  which  is  subsequently  removed  by  the  free 
application  of  water. 

52.  <<The  foregoing  is  a  .brief  history  of  the  material  manufactured 
by  the  author  down  to  the  year  1870,  when  he  developed  another  pro- 
cess, as  distinct  from  the  last  described  as  that  is  from  the  process  ex- 
plained to  this  association  in  1859. 

**  It  was  found  in  practice  that  the  process  of  washing  so  as  completely 
to  remove  all  trace  of  the  chloride  of  sodium  from  large  masses  of  the 
stone  was  open  to  objection.  It  was  both  tedious  and  expensive,  espe- 
cially in  localities  where  there  was  a  difficulty  in  obtaining  a  good  sup- 
ply of  tolerably  pure  water  at  a  reasonable  cost. 

^<The  author  then  conceived  the  idea  of  obviating  this  washing  pro- 
cess by  producing  the  insoluble  silicate  of  lime  without  the  formation  of 
the  chloride  of  sodium  or  other  soluble  salt,  which  would  require  subse- 
quent removal.  Step  by  step  this  result  has  at  length  been  arrived  at, 
and  the  process  of  manufacture  thereby  materially  simplified,  the  cost 
of  production  reduced,  and  the  application  of  the  material  considerably 
extended.  Many  gentlemen  present  will  doubtless  recollect  that  some 
years  since  a  siliceous  mineral  was  discovered  at  the  base  of  the  chalk- 
hills  in  Surrey,  especially  in  the  neighborhood  of  Farnham,  possessing 
some  very  peculiar  properties,  among  others  that  of  being  readily  sol- 
uble in  a  solution  of  caustic  soda,  at  a  moderately  low  temperature. 
Taking  advantage  of  this  peculiarity,  the  author  commenced  a  series  of 
experiments  in  order  to  determine  if  it  were  not  possible,  without  the 
use  of  chloride  of  calcium,  to  produce  a  stone  in  all  respects  equal  in 
quality  to  what  had  hitherto  been  done,  and  in  this  he  has  now  suc- 
ceeded. 

53.  ^<  By  this  latter  process  he  combines  a  portion  of  the  Farnham 
stone,  or  soluble  silica,  with  a  solution  of  silicate  of  soda  or  potash,  lime, 
(or  substances  containing  lime,)  sand,  alumina,  chalk,  or  other  conven- 
ient and  suitable  materials,  which,  when  intimately  mixed,  are  molded 
into  the  required  form  as  heretofore,  and  allowed  to  harden  gradually, 
as  silicate  of  lime  is  formed  by  the  combination  of  the  ingredients  pres- 
ent. The  mass  then  becomes  thoroughly  indurated  and  converted  into 
a  compact  stone,  capable  of  sustaining  extraordinary  pressure,  and 
increasing  in  hardness  with  age. 


44  VIENNA  INTERNATIONAL   EXHIBITION,  1873. 

(<The  chemical  actions  which  eflfect  these  reaalts  appear  to  be  as  follows : 
When  the  materials  are  mixed  together  the  silicate  of  soda  is  decom- 
posed, the  silicic  acid,  being  liberated,  combines  with  the  lime,  and 
forms  a  compoand  silicate  of  lime  and  alumina,  while  a  portion  of  soda 
in  a  caustic  condition  is  set  free.  This  caustic  soda  immediately  seizes 
upon  the  soluble  silica  (from  Farnham)  which  constitutes  one  of  the 
ingredients,  and  thus  forms  a  fresh  supply  of  silicate  of  soda,  which  is, 
in  its  turn,  decomposed  by  a  further  quantity  of  lime,  and  so  on. 

<<If  each  decomposition  of  silicate  of  soda  resulted  in  the  setting  free 
of  the  whole  of  the  caustic  soda,  these  decomposing  processes  would  go 
on  as  long  as  there  was  any  soluble  silica  present,  with  which  the  caus- 
tic soda  could  combine,  or  until  there  ceased  to  be  any  uncombined  lime 
to  decompose  the  silicate  of  soda  produced^  the  termination  of  the  ac- 
tion being  marked  by  the  presence  in  the  pores  of  the  stone  of  the  excess 
of  caustic  soda  in  the  one  case  or  of  silicate  of  soda  in  the  other.  In 
reality,  however,  the  whole  of  the  caustic  soda  does  not  appear  to  be  set 
free  each  time  the  silicate  of  soda  is  decomposed  by  the  lime,  there  ap- 
pearing to  be  formed  a  compound  silicate  of  lime  and  soda,  whereby  a 
small  portion  of  the  latter  is  fixed  at  each  decomposition.  The  result 
is  that  the  caustic  soda  is  gradually  fixed,  and  none  remains  to  be  re- 
moved by  washing  or  other  process." 

*<  By  means  of  the  last-mentioned  process,  the  field  has  been  widely 
extended  for  the  application  of  the  stone  produced  thereby,  and  which 
for  convenience,  as  distinguishing  it  from  all  others,  has  been  termed 
'apcenite.'  It  is  now  no  difftcnlt  task  to  produce  blocks  of  this  material, 
of  any  form  and  of  any  size,  the  only  limit  being  the  means  available 
for  handling  them  upon  the  spot  where  they  are  to  be  employed.  More- 
over, the  materials  which  form  the  bulk  of  apoenite  are,  as  a  rule,  gener- 
ally to  be  found  in  abundance  where  hydraulic  or  other  important  works 
are  being  carried  on,  and  for  which  purpose  the  new  stone  is  eminently 
suited. 

^<  Besides  possessing  the  several  properties  which  have  been  described, 
the  apcenite,  when  prepared  with  suitable  materials,  is  capable  of 
receiving  the  most  delicate  impressions,  and,  by  the  incorporation  of 
various  metallic  oxides,  any  variety  of  color  can  be  imparted  to  it." 

54.  A  considerable  quantity  of  Ransome's  patent  stone  has  been  used 
in  the  rebuilding  of  Chicago,  where  it  has  stood  the  test  of  an  Ameri- 
can winter,  having  been  exposed  to  a  temperature  27^  below  zero  with- 
out beii%  in  any  way  affected. 

We  saw  a  shop-front,  in  New  Bond  street,  London,  built  of  patent 
stone.  It  was  pointed  out  to  us  as  being  Ransome's  patent.  Black,  like 
all  its  neighbors,  with  London  soot,  it  looked  quite  as  good  as  any  of 
the  stone  buildings  around  it.  This  front  has  stood  ten  years,  and,  if 
we  had  not  been  led  to  examine  it  closely,  it  would,  at  a  cursory  view, 
have  passed  with  ns  for  sandstone. 

There  are  other  specimens  of  patent  stone  built  up  in  the  pat* 
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entee's  own  country  that  cannot  be  said  to  have  stood  R9  well  as  in 
the  instance  first  quoted ;  but  former  errors  and  defects  are  frankly 
acknowledged,  while  it  is  claimed  that  they  have  now  been  overcome. 
This  is  undoubtedly  a  good  thing  in  a  country  where  natural  stone  is 
scarce  or  very  expensive ;  but  one  difficulty  presents  itself  strongly  to 
our  mind.  How  is  it  to  be  mended  when  broken,  as  must  necessarily 
happen  often,  just  as  stone  will  get  chipped  or  damaged!  The  latter  is 
capable  of  being  easily  restored.  Can  as  much  be  said  for  the  patent 
stone? 

Mr.  Bansome  states  that,  ^^  by  the  use  of  the  native  red  oxide  of  iron, 
manganese,  and  other  mineral  substances,  artificial  marbles  or  granite 
of  almost  every  description  can  be  produced.  These  artificial  stones, 
like  their  originals,  are  capable  of  taking  an  excellent  polish,  are 
extremely  hard,  and  can  be  readily  molded  into  the  most  elaborate 
forms  at  a  very  small  cost.'^ 

55,  This  may  resemble  the  method  practiced  by  the  Universal 
Marble  Company,  (temporary  address,  9  quai  de  Ouenart,  Brussels^ 
Belgium,)  who  exhibited  in  the  Belgian  section  of  the  exposition  a  fine 
collection  of  mantels,  table-tops,  vases,  &c.,  made  by  their  process,  and 
very  closely  imitating  natural  marble.  But,  unlike  Mr.  Bansome,  the 
manager,  of  this  company's  works  retains  the  secret,  as  he  expects  to 
introduce  his  business  into  America  himself.  He  therefore  declined 
to  tell  any  one  before  that  event  should  happen  anything  more  than  he 
communicates  to  the  public  in  advertising  his  work. 

So  much  of  this  information  as  is  worth  recording  is  given  below* 
We  may  add  that,  in  the  writer's  judgment,  they  do  not  overstate  the 
good  points  of  their  ^<  universal  marble."  Some  specimens  of  their 
imitations  of  costly  marble  were  very  fine,  difficult  to  distinguish  from 
the  original,  unless  by  the  fact  that  the  imitation  was  made  in  much 
larger  pieces  than  are  usually  supplied  in  natural  marble.  This  was 
done  to  show  one  of  the  advantages  of  the  artificial  material.  The  cost 
was  not  greater  in  proportion  for  20  feet  run  than  for  a  single  square 
foot,  while  in  the  natural  material  every  inch  of  increased  size  helps 
vastly  to  increase  its  value,  almost  doubling  at  every  foot.  This  stone 
is  used  for  interiors,  for  lining  the  sides  of  corridors,  hall- ways,  &c.,  and, 
in  the  buildings  where  we  saw  it,  it  produced  a  very  rich  and  cool  efi'ect. 
It  can  be  used,  if  desired,  in  lieu  of  expensive  trimmings  in  wood. 
The  circular  of  the  company,  left  on  one  of  their  "  marble"  tables  in  the 
exhibition,  says:  '*A  thorough  investigation  and  analysis  of  real  mar- 
ble has  placed  us  in  a  position  to  produce  'ours,',  as  we  have  endeav- 
ored to  imitate  the  formation  of  natural  marble,  and  to  apply  a  pri- 
mary substance  which,  by  crystallization,  becomes  as  durable  and 
hard  as  the  very  best  of  marble,  and  even  in  some  respects  surpasses 
it.  We  warrant  our  articles  to  be  free  from  flaws  or  cracks,  and  we 
imitate  all  the  innumerable  different  kinds  of  marble  to  perfection. 

"  We  wish  to  remark  here  that  there  is  a  vast  diflference  between  the 
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imitations  of  marble  in  stacco  and  our  article.  Stucco  will  always 
crack,  and  is  a  bad  imitation  of  marble.  The  advantages  offered  by  our 
article,  even  above  real  marble,  are  the  following : 

"  1.  Cheapness,  only  one-third  of  the  cost  of  real  marble. 

*'  2.  Greater  endurance  under  atmospheric  influence. 

^^  3.  More  variety  in  application,  as  we  can  supply  surfaces  straight, 
angled,  bent,  or  round. 

"  We  are  always  ready  to  furnish  builders  or  architects,  who  may 
write  to  us,  with  prices  for  articles,  from  plan  or  design,  with  dimensions, 
and  we  can  also  provide  buyers  with  the  different  patterns  we  produce, 
and  can  bring  testimony  from  those  houses,  public  buildings,  and 
churches  we  have  supplied  with  our  work.'' 

56.  The  manufacture  of  this  article  was  commenced  about  eight  years 
ago  in  Germany.  Beginning  with  OQly  a  few  workmen,  they  now  em- 
ploy three  hundred  at  the  original  works,  while  in  Brussels  they  em- 
ployed the  same  number  last  summer  in  executing  orders  on  hand  for 
public  and  private  buildings.  This  would  indicate  that  they  have  a 
very  excellent  article.  It  certainly  pleased  the  writer  better  than  any- 
thing of  a  similar  character  either  within  or  without  the  exhibition. 
The  only  source  of  dissatisfaction  consisted  in  the  fact  that  it  was  quite 
impossible  with  the  means  at  command  to  learn  any  details  of  the  pro- 
cess of  manufacture,  as  the  managers  of  the  company  declined  to  give 
any  information. 
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IRON  AND  STEEL. 


INTEODUCTION. 

1.  This  report  on  the  iron  and  steel  at  the  Vienna  Exhibition  in  1873 
was  undertaken  at  the  reqnest  of  the  scientific  commission  of  the  United 
States  to  Vienna,  and  of  the  chief  commissioner.  The  materials  were 
gathered  and  the  outline  of  the  report  was  drawn  before  leaving  Vienna 
at  the  close  of  the  exhibition.  It  was  designed  to  present  a  review  of 
the  iron  and  steel  industry  of  the  globe,  but  on  the  author's  return  to  the 
United  States  the  pressure  of  other  occupation  prevented  giving  that 
attention  to  the  elaboration  of  the  subject  which  its  importance  demands. 
The  data  are  necessarily  presented  to  a  great  extent  in  the  form  in  which 
they  were  procured,  and  without  attempts  at  generalization. 

Two  or  more  excellent  reports  npon  the  iron  and  steel  at  Vienna  have 
been  published  abroad ;  one,  by  Messrs.  Maw  &  Dredge,  appears  in  the 
reports  of  the  British  commission ;  another,  by  Anton  Kerpely,  appears 
in  a  separate  and  private  publication,  in  two  parts,  at  Schemnitz — ''^Dcis 
JSisen  auf  der  Wiener  WeltausstellungP 

2.  According  to  the  figures  given  by  Messrs.  Maw  &  Dredge,  the  total 
production  of  all  countries  in  pig  and  malleable  iron  is  aboat  15,322,500 
tons  annually,  divided  approximately  as  follows : 

Tods. 

England • 6,733,000 

United  States 2, 800, 000 

Germany 2,664,000 

Prance 1,182,000 

Belgium /. 665,000 

Austria-Hun  gary 425, 000 

Bnssia 360,000 

Sweden  and  Norway 306, 000 

Itely 74,000 

Spain 72,000 

Switzerland    7,500 

British  and  South  America 50, 000 

Japan 9,000 

Asia 40, 000 

Africa 25,000 

Australia 10,000 

li 
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Mr.  David  Forbes,*  in  his  report  upoa  the  progress  of  irou  and  steel 
industry  in  the  year  1873,  gives  a  total  of  14,885,488  tons  as  a  close 
approximation  to  the  total  prodnction  of  cast  iron  on  the  globe.  Pro- 
fessor Grnencr  has  since  published  the  following  estimate  of  the  total 
production  of  cast  and  wrought  iron  and  steel  for  the  year  1872.  He 
estimates  the  total  produce  of  steel  in  the  year  1873  as  about  1,250,000 
tons. 


England 

United  States 

Germany 

Pranoe 

Belgium , 

liUxembonrg 

Aoatria-flaogary . . . 
Sweden  and  Norway 

RaMia 

Spain 

Italy 

Canada,  India,  &.O.. 

Total 


Cast  iron. 


TofU. 

6, 721, 387 

2,2.'i0.000 

1,600,000 

1, 180, 000 

655,565 

250,000 

400,000 

300,000 

360,000 

34,500 

85.000 

100,000 


13, 678, 452 


Wrought 
iron. 


Tons. 

3,500,000 

1, 60*2, 000 

1, 150, 000 

883,000 

502,577 


300.000 

191,800 

245, 000 

35,600 

24,000 

70.000 


8, 503, 977 


Steel. 


Tons. 
500,000 
143, '000 
200,000 
138.  OCO 
15,284 


49,250 

12,000 

7,204 

250 


1,  064, 988 


The  secretary  of  the  American   Iron   and  Steel   Association,   Mr. 
Swank,  adopts  the  following  for  the  world's  prodnction  of  cast  or  pig 


iron: 


Countries. 


Great  Britain 

United  States 

Germany 

France , 

Belgium 

Austria  with  Hungary 

Russia 

Sweden 

Luxembourg , 

Italy 

Spain 

Xorway , 

South  America  and  Mexico 

Canada , 

Japan 

Switzerland 

Asia 

Africa 

Australasia 


Total. 


Year. 


1873 
1873 
1872 
1873 
1872 
1871 
1871 
187-2 
1872 
187-2 
1870 


1871 
1872 


Gross  tons. 


6, 566.  451 

2,560,962 

1, 664, 802 

1,  381, 000 

652, 565 

424, 606 

354,  000 

332,000 

300,000 

73.  709 

54,007 

20,000 

15,000 

10,000 

9,370 

7.500 

40.000 

20.000 

10,000 


14,  485,  972 


3.  The  author's  acknowledgments  are  due  to  the  Messrs.  Haswell,  of 
the  Austrian  State  Railway  Works,  for  information  regarding  the  oper- 
ations of  forging  under  the  hydraulic  press,  and  for  opportunities  of  in- 
specting the  process ;  to  Commissioner  Dan feldt  and  Professor  Acker- 
man,  of  Sweden,  and  to  Dr.  Serlo,  of  Breslau.  They  are  also  due,  in 
general,  to  several  of  the  mining  engineers  at  Vienna,  and  to  the  represent- 
atives of  most  of  the  exhibitors  of  iron  and  steel  for  their  courtesy  in  re- 
plying to  inquiries,  and  in  furnishing  information.    The  brochures  de- 

*  Bamtin  de  la  Soci^t<S  d'Eocoaragement,  September,  Id74,  cited  by  David  Forbes. 
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scriptive  of  the  principal  works,  wbich  were  generally  illastrated  by  maps 
and  drawings,  were  of  great  service,  and  have  been  freely  used  in  the 
report  Such  pablications  are  important  in  conveying  information  to  the 
visitor  at  the  exhibition,  but  particularly  to  jurors  and  reporters.  They 
greatly  facilitate  the  labor  of  reporting,  and  save  time  and  trouble  to  both 
visitors  and  exhibitors.  Several  of  the  official  catalogues  were  enriched 
by  statistical  and  descriptive  statements,  notably  those  of  Sweden  and 
Prnssia,  by  which  the  value  and  significance  of  the  exhibition  from 
those  countries  were  greatly  enhanced.  The  utility  and  educating 
power  of  an  exhibition  is  vastly  increased  by  the  publication  in  connec- 
tion with  the  catalogues  of  judiciously -prepared  statistical  and  descrip- 
tive summaries  of  the  various  industries. 

W.  P.  B. 
Mill  Rock,  New  Haven,  Conn. 
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CHAPTER  I. 

AUSTRIA-HUNGARY. 

General  view  of  the  extent  op  the  manufactures  and  display  of  iron  and 
STEEL  from  Austria  and  other  countbibs  of  Middle  Europe;  Tasteful 

ARRANGEMENT  OF  OBJECTS  ;  PRODUCTION  OF  IRON  AND  COAL  IN  AUSTRIA ;  DSVEL- 
OP3IENT  OF  IRON-INDUSTRY  IN  CaRINTHIA  ;  SECTIONS  OF  FURNACES,  SHOWING 
INCREASING  DIMENSIONS  AND  INCREASE  OF  PRODUCT ;  DIMENSIONS  OF  BLAST-FUR- 
NACES IN  Europe  ;  Interior  forms  assumed  by  furnaces  after  long  woriong  ; 
Sections  of  Mariazell  furnaces  ;  Resicza  States  Railway  exhibition  ;  Large 
Bessemer  ingot;  Steel  samples  and  rails;  Etched  iron  ;  Ferro-manganese  ; 
RosTTZER  Mining  Company;  Rotary  puddlbr,  Dane's  system;  Ehren^'erth's 
rotating-iiearth  puddler;  Hydraulic  forging;  Wire-rope  traces. 

4.  AusTBiA-HuNGARY.— The  ironindustry  of  Austria  has  advanced 
rapidly  in  the  last  decade.  It  is  prominent  at  the  exhibition,  and  has 
never  before  been  so  well  illustrated  by  ores  and  their  products,  by 
models,  maps,  and  statistics.  The  iron  and  steel  production  of  the 
empire  is  referable  to  three  principal  groups:  (1)  The  Austrian  Alps — 
Styria,  Carinthia,  Krain,  Tyrol,  and  Salzburg ;  (2.)  Bohemia,  Moravia, 
and  Silesia ;  and  (3)  Hungary. 

The  importation  of  iron  from  England  and  Germany  has  been  greatly 
lessened,  and  the  exportation  of  iron  and  steel  has  greatly  increased. 
There  has  of  late  been  a  tendency  to  a  consolidation  of  small  and  scat- 
terM  private  establishments  into  large  joint-stock  associations,  with  in- 
creased capital.  The  spirit  of  enterprise  and  speculation  has  been  aroused 
and  stimulated  by  the  great  demand  for  iron  and  steel,  and  by  the  opening 
of  communication  between  the  mines  and  coal-fields  by  rail  and  between 
the  furnaces  and  a  market  for  their  products.  The  exhibition  happens 
to  be  at  about  the  culminating  point  of  many  speculative  enterprises, 
and  no  doubt  many  are  desirous  of  making  the  best  display  possible  of 
the  properties  upon  which  these  enterprises  are  based. 

The  general  aspect  of  the  ores  is  earthy  and  calcareous,  in  strong  con- 
trast with  the  ores  of  Sweden  and  America.  Spathic  ore  is  the  rule,  and 
otber  ores  the  exception.  They  are  remarkably  pure,  and  very  favor- 
able for  the  manufacture  of  steel.  But  it  is  not  sufficient  to  have 
this  abundance  of  ores  \  the  fuel  is  equally  necessary,  and,  unfortunately 
for  the  iron-industry  of  the  empire,  is  not  abundant  or  cheap.  Char- 
coal pan  no  longer  be  relied  upon.  The  forests  are  giving  out,  or  are 
required  for  other  purposes  than  to  be  converted  into  charcoal.    The 
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iroa-iudustry  is  conseqaeQtIy  beiag  revolatioaized.  As  in  other  couq- 
tries,  steel  is  rapidly  taking  the  place  of  iron,  and  the  iron-prodnction 
undergoes  great  modifiication  from  this  cause,  independently  of  others. 

5.  The  visitors  to  the  exhibition  interested  in  metallurgical  industry 
are  greatly  indebted  to  the  forethought  of  the  Ackerbauministerium  in 
preparing  for  distribution  a  very  instructive  rSsumdof  the  mining  indus- 
tries of  the  empire,  and  particularly  for  the  historical  view  of  the 
industries  of  coal  and  of  iron  and  of  steel  in  the  several  provinces.* 
This  volume  contains  a  series  of  descriptive  memoirs  from  such  able 
authorities  as  Baron  v.  Beust,  the  imperial  and  royal  general  mining 
inspector;  from  Eitter  v.  Tunner,  and  from  Dusanek,  Hofmann,  and 
Eittler.  These  exhaustive  memoirs  are  really  a  part  of  the  exhibition, 
and  they  justify  their  liberal  use  in  reporting  upon  the  departments  of 
which  they  treat.  A  free  and  greatly  condensed  translation  of  portions 
of  th^se  memoirs  has,  therefore,  been  made  for  the. following  pages, 
descriptive  of  the  extent  and  condition  of  the  iron  and  steel  industry 
of  Austria-Hungary.  A  few  of  the  preliminary  and  later  statistics  are 
added  from  the  recent  report  of  Prof.  David  Forbes,  received  about  the 
time  of  sending  these  pages  to  press. 

There  were  184  iron-mines  worked  in  Austria  in  1872,  and  223  in  1873. 
The  number  of  iron  blast-furnaces  in  operation  in  1871  was  115,  employ- 
ing 12,278  workmen ;  but  in  1872, 112  furnaces,  with  10,069  workmen. 
There  were  129  works  in  operation  in  1873,  and  the  production  is  stated 
as  follows : 

Vieaua  tons.  Value. 

Ironore .     928,982         £408,366 

Pig-iron,  (foundery) 45,048  459,725 

Pig-iron,  (forge) 286,236         2,590,133 

The  production  of  the  mines  and  works  of  the  Austrian  Government 
Eailway,  {Staatsbahn,)  including  the  collieries  at  Kladno,  in  Bohemia,  and 
the  machine-works  at  Vienna,  has  increased  in  the  eighteen  years  since 
the  properties  came  into  the  possession  of  the  Staatsbahn,  from  (annu- 
ally) 80,000  to  7,000,000  tons  of  coal  raised ;  15,000  to  70,000  tons  of  iron- 
ores  raised ;  7,500  to  35,000  tons  pig-iron  produced ;  6,000  to  27,500  tons 
wrought  iron  produced ;  25  to  100  locomotives. 

The  coal-mines  of  Eeschitza  yielded  57,800  tons  in  1872,  a  part  of 
which  was  made  into  coke.  The  three  blast-furnaces  are  supplied  with 
charcoal-fuel,  and  yield  gray  Bessemer  pig-iron  from  magnetic  iron-ore. 
The  yield  of  these  furnaces  is  about  34  tons  of  this  Bessemer  pig  in 
twenty-four  hours.  A  fourth  blast-furnace  at  Bogsan  produces  about 
5,000  tons  of  pig-iron  annually.  The  iron  at  Eeschitza  is  run  directly 
from  the  blast-furnaces  into  the  Bessemer  converters,  which  are  nine 

*  Deukbuch  dea  Osterreicbischen  Berg-  and  HiittenweseDS.  Aas  Anlass  der  Wiener 
Weltansstellang  beransgegeben  vom  K.  K.  Ackerbanministeriam,  unter  der  Redaction 
des  Ministerialrathes  Anton  Scbanenstein.  Wion,  Verlag  des  K.  K.  Ackorbauministeri- 
nius,  1873.    8vo.    pp.  370. 
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tons'  capacity  and  three  in  number.    The  annual  production  is  about 
9,000  tons. 

There  are  17  puddling-farnaces  and  30  furnaces  for  reheating  and 
welding.  There  are  10  trains  of  rolls.  The  production  in  1872 amounted 
to  12,550  tons  of  finished  products,  7,810  tons  being  plates  and  rails* 
and  4,069^  tons  Bessemer  steel,  in  the  form  of  axles,  tires,  rails, 
plates,  &c. 

6.  As  might  be  expected,  Austria-Hungary  takes  the  lead  in  this  ex- 
hibition in  the  extent  and  variety  of  the  display  of  iron  and  steel.  It 
is  at  first  bewildering  to  the  visitor.  He  roams  from  one  pavilion  to 
another,  seeing  in  each  a  museum  of  metallurgy,  a  mine  of  instruction. 
It  is  more  than  can  be  grasped  in  several  visits,  and  requires  repeated 
examinations  and  time  for  review  and  comparisons. 

This  exhibition  of  iron  and  steel  from  Austria  and  Middle  Europe,' 
being  by  far  too  extensive  and  bulky  to  be  received  in  the  main  industry 
palace  or  in  the  courts  of  the  building,  was  placed  for  the  most  part  in 
a  series  of  separate  buildings  between  the  machine  hall  and  the  palace. 
Belgium  alone  makes  most  of  its  display  in  the  main  building.  Austria 
and  Prussia  each  have  separate  and  special  buildings  for  displaying  the 
products  of  mining  industry.  For  Austria  there  are  three  or  four  build- 
ings, of  which  Garinthia  alone  fills  one,  and  Styria  another.  The  State 
Bailway  Oompan^'^  and  other  wealthy  corporations  have  exhibitions  of 
their  own. 

The  Prussian  miners  and  manufacturers  of  iron  fill  the  greater  portion 
of  two  large  buildings,  one*  on  each  side  of  Krupp's  central  pavilion, 
erected  exclusively  for  his  remarkable  collection.  On  entering  one  of 
these  buildings,  devoted  to  mining  and  quarrying,  the  miner  feels  more 
than  ever  a  just  pride  in  his  vocation.  He  sees  the  miner's  arms,  the 
^crossed  hammers,  conspicuously  emblazoned  in  gold  over  the  doors,  and 
underneath  the  familiar  motto,'  ^^  OlUck  aufy^  ^'  Good  luck  to  you,"  and 
within,  inscribed  upon  the  walls,  such  sentiments  as,  '^  Oott  schiltze  da% 
Vaterland  und  aegne  den  Bergbau,^  Here,  truly,  the  typical  honest  miners 
are  to  be  found.  The  government  honors  their  calling,  and  ranks  it 
with  agriculture,  as  at  the  foundation  of  national  prosperity.  But  for 
the  organized  mining-systems  of  Europe,  such  a  magnificent  exhibition 
in  the  group  of  mining  and  quarrying  could  hardly  have  been  made. 
As  it  stands  to  day,  it  is  an  honor  to  the  art,  a  fair  child  of  science  and 
industry. 

The  attention  of  every  visitor  is  at  once  arrested  not  only  by  the 
wealth  of  the  display  iu  every  branch  of  the  industry  of  iron  and  of 
steel,  but  by  the  skill  and  taste  shown  in  the  arrangement  of  the  objects. 
Bailway  wheels  and  axles  produce  little  effect  when  tumbled  loosely 
upon  the  floor ;  but  if  they  are  grouped  in  monumental  masses,  or  are 
:  supported  high  in  the  air  by  light  but  strong  steel  bands,  they  provoke 
interest  and  admiration,  even  in  those  who  know  nothing  of  their  ex- 
cellencies or  defects.    In  all  of  these  buildings  devoted  to  mining  and 
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metallargy,  a  liberal  and  generoas  spirit,  worthy  of  the  trae  miaer,  is 
shown  la  the  provision  of  chairs  and  tables  for  the  use  of  visitors,  so 
that  they  may  oousalt  books  of  reference,  or  t^ke  notes  at  their  ease. 
Maps  and  diagrams  on  the  walls  explain  the  position  of  the  mines,  the 
geology,  and  the  method  of  working  them.  The  more  important  of  the 
Austrian  mines  are  illustrated  by  models,  showing  the  topography,  the 
surface-construction,  and  the  geological  structure  of  the  deposits,  while 
by  means  of  machinery  part  after  part  can  be  lifted  off,  and  the  whole 
interior  of  the  mine  displayed.  The  ores  are  sent  in  quantity  enough 
to  form  pyramids  outside  of  the  buildings,  in  addition  to  the  systematic 
collections  within.  Iron  is  shown  in  all  its  stages  of  manufacture,  and 
the  more  direct  manufactured  products,  such  as  rails,  tires,  girders,  boiler- 
plates, &C.,  are  exhibited  in  profusion.  It  is  impossible  to  describe 
'such  collections,  or  to  give  an  adequate  idea  of  their  value.  They  are 
complete  museums  of  the  industry,  such  as  any  mining  institution  in 
the  world  would  be  glad  to  take  and  preserve  intact. 

Austria-Hungary  has  of  late  years  made  great  strides  in  the  extent 
of  production  of  iron  and  steel,  and  in  the  quality  of  the  product.  The 
importations  from  England  and  Germany  are  considerably  lessened,  and 
the  exportations  are  increasing. 

7.  Ibon  and  steel  production. — The  iron-ores  of  Austria  are  princi- 
pally spathic  (the  carbonate  of  iron)  and  the  deposits  are  very  exten- 
sive and  easily  worked.  The  celebrated  ore-mountain  has  beds  from  20 
to  40  feet  thick,  containing  from  20  to  50  per  cent,  of  iron,  and  has  been 
worked  for  a  thousand  years  without  any  signs  of  exhaustion.  With 
such  ores,  and  charcoal  for  fuel,  there  is  no  difficulty  in  producing  a  very 
fine  quality  of  iron  and  of  steel.  Brov^n  coal  or  lignite  is  largely  used^ 
and  a  coke  made  from  turf  is  the  fuel  in  some  places.  In  the  display 
made  by  the  State  Bailwa'y  Company  there  is  a  complete  section  of  a 
coal-seam  14  feet  thick  ^  so  that,  in  some  districts  at  least,  there  seems 
to  be  no  scarcity  of  mineral  fuel.  In  the  charcoal-districts  the  great 
care  of  the  forests  by  the  government  prevents  their  complete  extinc- 
tion, and  with  them  the  dependent  iron-furnaces,  as  would  be  the  case 
under  the  reckless  policy  pursued  in  the  United  S£ates. 

The  production  of  iron-ore  in  the  Austrian  Empire  has  steadily  in- 
creased from  a  total  of  655,970  tons  in  1807  to  1,067,753  tons  in  1871. 
To  this  may  be  added  432,700  tons  for  Hungary,  giving  a  grand  total 
of  1,482,000  tons.  The  total  product  of  pig-iron  for  the  same  year  was 
8,200,000  centners.  The  production  of  Bessemer  steel  is  also  rapidly 
increasing. 

8.  The  iron  and  steel  industry  of  the  Austrian  Alpine  re- 
GiON.-^The  iron  and  steel  industries  of  this  part  of  Austria  are  found  in 
the  provinces  below  the  river  Enns,  Styria,  Garinthia,  Kraiu,  Tyrol,  and 
Salzburg.  Xineteen-twentieths  of  the  ore  mined  is  spathic  ore,  which, 
when  roasted,  yields  50  per  cent,  or  more  of  pig-iron.  The  production 
has  increased  in  some  of  the  provinces  and  decreased  in  others,  as  will 


TH£   ALPINE   REGION.  9 

be  seen  by  the  following  tabular  statement  of  the  product  at  three 
decennial  periods,  with  the  cost  per  hundred- weight  at  the  mouths  of 
the  mines : 


Location  of  mines. 


Production  of  iron'OTes  daring  the  year— 


1851. 


Anatria,  below  river  Enna 

Styria 

Carinthia 

Krain 

Tyrol 

Salzbors^ 

Total 


Centnert. 
175,150 
3.321,940 
1,712,490 
851,930 
S48.550 
308,040 


5.917,400 


1861. 


Centnera. 
19.%560 
3,87R.000 
9,135.600 
350,000 
971,560 
990.970 


7, 046, 990 


1871. 


dentnera. 
141.380 
7,537,330 
3,853,700 
903,160 
17fi.860 
190.710 


11,439,140 


ill 

>  O  9  Pk 


Kreutzer. 
39.5 
15.0 
90.0 
37.5 
36.0 

la* 


1&4 


The  above  table  shows  that  in  1871  the  joint  produce  of  the  six  prov- 
inces was  nearly  donble  the  amount  produced  in  1851.  During  the  last 
few  years  especially  this  increase  has  been  marked.  The  reason  of  this 
lies  not  only  in  the  increased  demand  for  iron  and  in  the  enormous  rise 
in  its  price,  but  the  principal  cause  is  the  adoption  of  mineral  fuel  in 
the  furnaces.  The  exclusive  use  of  vegetable  fuel  in  the  Alpine  region 
is  the  only  reason  for  the  non-increase  of  iron  produjce  in  several  of  the 
provinces  and  the  failure  to  satisfy  the  home  demand.  All  regions  that 
have  adhered  to  the  vegetable  fuel  labor  under  the  same  difficulties.  It 
•is,  therefore,  Styria  and  Carinthia  only  which  show  an  increased  product 
and  which  supply  the  increased  demand  for  iron  in  the  above-mentioned 
provinces. 

Styria  and  Carinthia  possess  two  most  important  iron-mines — Eisen- 
berg  and  Hiittenberg.*  These  two  localities,  in  quality  and  quantity 
of  ores,  are  equaled  by  few  and  surpassed  by  none  of  the  other  European 
mines.  They  have  already  been  worked,  according  to  the  most  au- 
thentic researches,  almost  two  thousand  years;  and  there  is  every  reason 
to  believe  that  the  increased  demand  for  iron  will  not  exhaust  their 
capacity  in  a  thousand  years  to  come.  The  raw  material  of  the  Erzberg 
is  mostly  quite  accessible,  and  the  quantity  is  estimated  at  2,500,000,000 
to  3,000,000,000  hundred- weight;  that  of  the  Hiittenberg  a  little  less. 

The  celebrated  Eisenberg,  or  ore-mountain,  is  well  represented  by 
a  model,  upon  a  scale  of  one- twentieth,  made  by  Professor  Allgayer  in 
Leoben,  and  exhibited  in  the  building  of  the  Inneberger  Company. 
The  ore  crops  upon  the  side  and  summit  of  the  mountain,  and  forms  the 
greater  portion  of  its  mass  uppn  one  side.  The  beds  of  ore  are  inter- 
stratified  with  limestone  and  grauwacke  overlying  black  slate,  and  are 
from  20  to  40  feet  thick  in  the  aggregate.    A  portion,  mixed  with  lime- 


*  For  the  statistics  and  history  of  these  mines,  see  Muchan*s  History  of  Styria. 
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stoDe,  contains  only  20  per  cent,  of  iron,  bat  the  best  averages  50  per 
cent.  The  old  systems  of  transporting  the  ore  from  mine  to  smelting- 
works  by  means  of  "  slides,'^  wagons,  &c.,  have  been  replaced  by  tram- 
ways and  steam-railways.  The  cost  of  transportation  on  the  railroads 
is  1|^  to  3  krentzers  per  hundred^weight  per  mile.  The  mines  of  Mariazell 
and  Neaburg  have  been  worked  a  long  time,  and  are  now  rapidly 
growing  in  importance.  They  are  npon  the  northern  vein  of  spathic 
iron.  All  the  other  iron-mines  of  the  Alps  are  of  minor  importance, 
producing  tolerably  good  ores,  bat  in  small  qaantities.  The  cost  of  the 
ores  is  higher,  mainly  on  account  of  inconvenient  methods  of  transpor- 
tation. 

9. — Production  o/pigiron.  The  production  of  pigirou  in  the  Alpine 
provinces  is  of  much  more  recent  date  than  in  the  rest  of  the  Austrian 
dominions.  Pig-iron  was  produced  in  Garinthia  in  the  year  1650,  and  ia 
Styria  it  dates  from  1766.  According  to  an  official  report  of  the  year 
1745,  Vordernberg  produced  in  a  common  furnace  9,000  hundred-weight 
of  half-refined  iron  yearly,  with  a  consumx)tiou  of  about  40  cubic  feet  of 
charcoal  per  hundred- weight.  In  1850,  with  furnaces  25  to  30  feet  high, 
and  using  a  hot  blast  of  150^  centigrade,  the  produce  per  furnace  rose 
to  30,000  to  40,000  centners,  and  the  consumption  of  fuel  diminished  to 
12  or  15  cubic  feet.  The  42-foot  furnaces  now  adopted  throughout  the 
provinces  have  increased  the  product  to  150,000  to  200,000  centners  per 
annum,  and  60  to  70  of  coal  per  100  pounds,  or  9  to  10  cubic  feet  of  char- 
coal.   The  air  used  in  the  blast  is  heated  to  300^  to  500^  centigrade. 

The  following  table  shows  {a)  the  produce  of  pig-iron ;  (b)  the  foundery- 
iron  from  furnaces  in  h undred- weight ;  (c)  the  price  per  centner  in 
Austrian  bank-noten ;  (d)  the  number  of  furnaces  working : 


Production  ofpig-irorij  the  price  and  number  offumacea. 


During  the  year. 


(a 

1851 U 

[d 

f* 

1661 ; I* 

Yd 

»871 U 

[d 


Austria 
below  the 

EUD8. 

styria. 

43,350 
1.460 
13.  7q 
2 

r45, 570 
34.110 
$2.86 
32 

40.320 
940 
13.39 
2 

1,  439, 380 
30.850 
13.25 
32 

39.020 
14. 070 
13.50 
2 

2, 437, 160 
105. 350 
13.60 
31 

Garinthia. 

Krain. 

Tyrol. 

633,860 
17.600 
$2.35 
22 

67,770 
6,630 
$\  85 
11 

49,460 
12. 240 
#3.03 
5 

Salzburg. ,    Total. 


50.240 
4,670 
$2.64 
5 


831,  810 
15. 110 
$2.85 
21 


1,263,820 
38,290 
$3.50 
17 


121,020 
6.380 
$3.10 
11 


56,900 
9,650 
$3.89 
4 


59,290 
5.390 
$3  74 
4 


71,010 
6,314 
$3.84 


55,900 
24, 195 
$3.30 
3 


40, 7n0 
2,850 
$4.00 
2 


1,799,250 

76,7«0 

$2.70 

77 


2, 548, 620 
68,320 
$3.9 
72 


3, 907. 670 
191,069 
$3.56 
62 


The  small  produce  of  foundery  cast  iron  shown  in  the  above  table  is 
caused  by  the  quality  of  the  ores,  which  are  more  adapted  for  white  and 
half-refined  iron,  which  serves  only  for  refineries,  mills,  and  furnaces, 
but  is  less  adapted  for  casting  purposes.  The  smelting  of  the  spathic 
and  brown  iron-ores  requires  from  15  to  20  per  cent,  more  fuel  to  pro- 
duce foundery-iron  than  ordinary  pig-iron.    In  1851  the  produce  per  fur- 
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nace  amounted  to  24,000  haDdredweight ;  ia  1861  to  36,000  handred- 
weight ;  in  1871  to  66,000  handred- weight.  The  exhaast-gas  of  the  fur- 
naces is  employed  for  heating  the  blast.  The  introduction  of  this  system 
dates  from  1835,  and  was  tried  for  the  first  time  in  Jenbach,  in  the 
Tyrol.  Only  those  works  erected  or  altered  since  1872  have  blasts  able 
to  work  up  to  a  temperature  of  500^  centigrade.  The  greatest  difficulty 
under  which  the  production  of  iron  labors  in  the  Alpine  countries  is  the 
small  amount  of  pig-iron  turned  out,  and  the  reason  is  the  exclusive  use 
of  charcoal-fueU  This  not  only  makes  an  increase  iu  the  quantity  of 
iron  manufactured  impossible,  but  the  immense  decrease  of  timber,  and 
the  high  prices  paid  for  it  for  building  purposes,  have  created  a  remark- 
able diminntion. 

Xo  changes  in  the  fuel  were  made  until  1870,  but  the  scarcity  of  suit- 
able coal  for  smelting  purposes  proved  an  obstacle.  The  efforts  to 
utilize  the  large  amount  of  brown  coal  (lignite)  existing  there  for  smelt- 
ing purposes  have  always  been  unsuccessful.  The  first  coke-furnace  was 
erected  at  Pravali  in  1870.  One  centner  of  coke  costs  in  Pravali,  at  the 
mouth  of  the  pit,  one  Austrian  guilder.  The  consumption  of  fuel  for  100 
pounds  of  iron  is  150  to  160  pounds  of  coke.  A  trial  with  English  coke, 
which  tost  1  florin  40  krentzer  at  the  works  in  Pravali,  required  114 
pounds  coke  for  100  pounds  of  iron.  The  produce  of  this  first  coke- 
furnace  amounted  in  1870  to  88,300  hundredweight  of  iron.  In  1872 
the  building  of  coke-furnaces  was  commenced  at  Niklasdorf,  near  Leo- 
ben,  and  at  Zeltweg. 

The  fact  that  in  1871  the  manuf^icture  of  pig-iron  in  the  whole  of  Aus- 
tria-Hungary amounted  to  8,000,000  hundred-weight,  and  that  the  import 
of  foreign  pig-iron  was  8,236,000,  shows  the  immense  deficiency  in  the 
home-produce,  and  that  a  radical  change  in  the  working  system  is 
necessary. 

The  annexed  table,  taken  from  ^'Munichsdorfer,"  gives  the  price  per 
meiler  (equal  to  10  Vienna  centners)  of  iron,  and  per  cubic  foot  of  char- 
coal, in  Cariuthia,  from  (at  different  successive  periods)  1600  to  1872. 

Price  o/jng-iroHf  and  of  charcoal  per  cubic  foot. 


Duriojc  the  year— 

Price  of 

pifE-iroa  In 

florins. 

Price  of 

charcoal  In 

krentzer. 

During  the  year— 

Price  of 

pig-iron  in 

norina. 

Price  of 

charcoal  in 

krentzer. 

1600 

IS 

17 

18 

26 

Xi.5 

22.1 

:w.4 

25.8 

1840 

33.1 
30.5 
34.5 
27.9 
42.5 
45.5 
(           48.2 
\           53.8 

4  2 

1850 

1^50 

5.0 

1700 

I860 

6.8 

1750 

1866 -. 

8.0 

laoo 

3.1 

a4 

3.3 

1870 

12.0 

IHIO 

1871  .^. 

13.0 

leiao 

14.0 

liCIo 

ti  !  i«^'^ 

14.0 

10..  Puddling-works. — The  first  puddling-fumace  using  coal-fuel  was 
erected  iu  1826,  at  Witkowitz,  in  Moravia,  on  English  principles  and  by 
English  workmen.    The  first  gas-puddling  furnace  using  brown  coal  as 
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fael  wa8  erected  by  C.  von  Scheacheastael,  ia  St.  Stefaa,  near  Leoben. 
From  year  to  year  the  statistics  show  au  increase  in  the  unmbers,  so  that 
in  Austria,  excepting  Hungary,  there  existed  23  puddling- works,  having 
63  puddling  and  36  welding  furnaces.  In  1851,  there  were  41  puddling- 
works,  with  114  pnddling  and  76  welding  furnaces,  and  122  rolling-mills. 
The  total  produce  of  these  41  puddling- works  amounted,  in  1857,  to  only 
three  quarters  of  amiilion  centners  rawmaterial,  making  about  150  to  160 
centners  per  furnace  per  week.  Influenced  by  the  great  variety  and  ex- 
pense of  the  fuels,  the  puddling  and  welding  processes  in  the  Austrian 
Alpine  regions  have  attained  a  great  variety  of  forms,  many  improve- 
ments having  been  introduced  to  secure  the  greatest  possible  economy 
in  fuel. 

In  1842,  gas- welding^  furnaces  using  brown-coal  slack  as  fuel  were  in- 
troduced. The  erection  of  wood-gas  puddliDg-furnaces  in  1844-'45,  at 
Lippitzbach,  in  Oarinthia,  created  quite  a  sensation  by  the  favorable 
results  attained,  (3  to  4  cubic  feet  of  wood  to  100  pounds  puddled  iron.) 
Turf-puddling  commenced  in  1842,  at  Buchschelden,  in  Freudenberg, 
and  at  Bottenmann,  and  was  imitated  by  several  minor  works  in  Tyrol, 
Salzburg,  and  Garinthia.  The  step-grate  for  using  the  poor  brown  coal 
of  the  Alps  was  introduced  in  Pravali  in  1850.  The  Swedish  gas-pud- 
dling furnaces  were  introduced  in  Eibiswalde  in  1858-^59,  the  fuel  being 
a  mixture  of  brown  coal  and  wood. 

Siemens  furnaces  have  been  introduced  with  great  advantage.  They 
are  in  general  use  for  welding,  but  are  only  occasionally  met  in  pud- 
dling-works,  for  the  reason  that  the  exhaust  heat  of  the  waste  gas  is 
used  for  raising  steam.  The  double  furnaces  are  largely  in  use  in 
Garinthia,  but  in  Styria  the  single  ones  are  preferred  on  account  of  less 
expenditure  in  wages,  and  the  better  quality  of  the  product  Hydrau- 
lic motors  have  been  replaced  by  steam-power  in  most  of  the  puddling- 
works.  Upright  and  horizontal  boilers  are  used,  ranging  from  25  to  30 
horse-power.  The  first  large  steam-hammer  was  erected  at  Neuberg  in 
1852;  it  was  of  the  Condies  design,  and  gave  a  100  hundred- weight 
blow.  Then  followed  the  introduction  of  several  Nasmyth  hammers 
with  from  85  to  200  hundred-weight  blows.  The  largest  steam-hammer 
of  the  region  was  erected  in  1865  at  Neuberg,  the  weight  of  the  blow 
being  350  hundred-weight.  In  1859  the  first  hydraulic  forge-press  was 
erected  at  the  Donawitz  works.  It  has  a  maximum  pressure  of 
15,000  hundred-weight. 

In  the  wire-manufacture,  which  is  very  extensive  on  account  of  the 
excellence  of  the  raw  material,  the  factories  of  St.  Egydi,  in  Upper 
Austria,  of  Feistritz,  in  Garinthia,  and  of  Therl,  in  Styria,  should  be 
mentioned  on  acount  of  the  quality  and  quantity  of  material  turned  out. 
The  tin-plate  manufacture  has  attained  considerable  prominence  in 
WoUersdorf,  in  Austria,  below  the  Enns,  and  especially  in  Passhammer, 
in  Styria.  The  produce  of  these  two  fiictories  amounted  in  1870  to 
42,280  centners,  being  23,190  centners  of  tin-plate,  16,140  centners  of 
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black  plate,  and  2,950  centners  of  zinked  iron.  Other  factories  of  the 
same  description  have  been  erected  since  then  in  Ladenberg  and  Trie- 
ben. 

A  namber  of  paddling  and  rolling  works  exist  in  Styria  and  Garinthia, 
producing  aunnally  more  than  200,000  hundred  weight  of  iron.  Most  of 
these  works  are  well  fitted  up  and  in  the  hands  of  companies  and  associa- 
tions. A  pleasing  fact  relative  to  these  works  is  that  all  the  operatives, 
from  the  managers  and  engineers  down  to  the  lowest  workmen,  are 
natives  of  the  provinces,  showing  thereby  that  the  industry  has  taken 
firm  root,  and  that  a  snccessfnl  opposition  to  foreign  trade  could  be 
carried  on  if  pig-iron  can  be  produced  in  sufficient  quantities  and  at  a 
price  low  enough  to  compete  with  the  imported. 

11.  Rod  and  bar  iron, — The  direct  method  of  producing  bar-iron  from 
the  ores  has,  till  within  a  short  period,  been  adHered  to  by  several  of  the 
minor  smelting-works  in  the  Alpine  countries ;  but  now  they  first  pro- 
duce the  pig-iron,  and  from  this  make  bar-iron  by  puddling. 

Bloomaries  or  ibrges  were  formerly  numerous  throughout  the  Alps, 
but  the  increased  price  of  charcoal  and  the  almost  exclusive  use  of  it  in 
blast-famaces  have  considerably  reduced  the  proportion  of  bar-iron 
produced  in  this  way.  The  first  puddlingfumaee  in  Carinthia  was 
erected  in  1828,  and  in  1851  the  ratio  of  puddling- furnaces  to  blooma- 
ries was  as  2  to  1.  In. 1861  the  bloomaries  were  reduced  to  one-half,  and 
in  Styria  in  1871,  out  of  the  formerly  legally-licensed  271  bloomaries 
only  100  to  110  remained,  producing  about  33  per  cent,  of  the  bar-iron 
of  Styria.  A  great  number  are  now  totally  extinct,  and  only  those  fur- 
naces  working  the  Lancashire  method,  and  producing  wire  and  fine  tin- 
plate,  are  still  existing.  A  limited  number  of  bloomaries  favored  by 
local  fuel  will,  of  course,  continue  to  exist.  Such  works  are  generally 
far  removed  from  other  furnaces,  and  are  confined  to  one  or  two 
specialties. 

12.  Steel  in  the  Alpine  regions  of  Austria. — The  spathic  ores  of  Austria 
are  so  favorable  for  steel-manufacture  that  they  are  often  named  '<  steel- 
ores."  This  adaptation  of  the  ores  is  the  reason  that  as  long  as  open- 
hearth  steel  predominated  in  the  steel-market,  the  Alpine  provinces, 
Styria,  Carinthia,  Erain,  and  Tyrol,  ranked  first  in  the  steel-production. 
Thirty  or  forty  years  ago  the  production  of  steel  in  the  Alpine  provincjes 
of  Austria  amounted  to  300,000  centners,  of  which  a  great  part  was  ex- 
ported  to  the  East  and  America  via  Trieste,  and  some  to  Germany, 
France,  and  Switzerland,  leaving  to  the  exporters  a  handsome  profit. 
The  produce  of  these  provinces  at  present  hardly  amounts  to  30,000 
centners,  and  is  steadily  decreasing,  owing  to  the  scarcity  and  cost  of 
charcoal.  The  first  puddled  steel  was  made  in  Frantschack,  in  1835,  by 
Messrs.  Schlegel  and  Miiller,  who  took  out  a  patent  for  their  method. 
But  the  real  production  of  puddled  steel  in  Austria  dates  from  1852,  at 
the  foundation  of  the  Eibiswald  and  ]N'euberg  works.  This  method  is 
largely  in  use  at  the  present  time,  and,  by  its  cheapness,  has  driven  the 
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openbeartb  steel  almost  entirely  from  the  market.  Puddled  steel  is  at 
present  refined  to  all  the  diflferent  kinds  of  steel  (Brescian,  Gerb,  scythe, 
and  damask  steel)  formerly  produced  from  openbeartb  steel.  The  pro- 
duction of  tires  and  railroad- iron  increased  the  make  of  puddled  steel, 
but  tbe  Bessemer  and  Martin  processes  have  now  superseded  it.  The 
largest  steel-puddling  works  are  those  of  Streitben.  Tbe  introduction 
of  puddled  steel  has  largely  increased  the  steel-production  of  Austria, 
but  not  in  the  same  ratio  as  in  other  countries,  especially  in  Germany. 
Tbe  immense  advantage  possessed  by  Austria  in  tbe  excellence  of  her 
raw  material,  so  well  suited  for  steel-production,  is  more  than  balanced 
by  the  cheapness  of  labor  and  fuel  of  her  German  competitors,  especi- 
ally the  Westpbalian  manufacturers.  It  is  only  the  decided  superiority 
of  tbe  steel  which  gives  the  Carintbian  product  a  bold  upon  tbe  market 
against  the  much  cheaper  Westpbalian  puddled  steel. 

Ceinent-steet — The  demand  for  a  suitable  steel  for  springs  of  rail- 
road carriages,  for  which  the  cement-steel  is  best  adapted  and  cheapest, 
stimulated  the  erection  of  works  of  this  description  in  Eibiswald,  and 
soon  after  in  Donawitz,  near  Leoben.  The  results  were  satisfactory. 
The  annual  production  of  Donawitz  amounts  to  25,000  centners  spring 
and  saw  blades.  But  in  proportion  to  tbe  use  of  puddled  steel,  that  of 
cement  steel  is  very  limited. 

The  gliihstahl  (welded  steel)  is  a  similar  product,  which  is  now  made  at 
Donawitz.  This  steel  was  exhibited  in  London  in  1851,  and  again  in 
Municb  in  1854,*  by  F.  Lohmann,  of  Witten,  Westphalia. 

Since  1854  there  has  been  an  annual  produce  of  5,000  to  6,000  centners 
of  this  variety  in  Donawitz.  A  cement-furnace  for  tbe  manufacture  of 
welded  steel  was  erected  in  1871  in  Eeichraming. 

13.  Cant  steel. — The  manufacture  of  crucible  cast  steel  has  long  been 
establisbed  in  the  Alpine  provinces ;  but  as  the  old  English  method  of 
manufacture,  by  draught-furnaces,  required  an  immense  quantity  of  char, 
coal,  often  as  much  as  50  cubic  feet  per  centner  of  steel,  the  production 
has  naturally  been  kept  down.  In  1851  the  total  production  of  cast 
steel  in  Austria  amounted  to  a  little  more  than  8,000  centners.  Im- 
mense progress  was  eflFected  in  1858  by  introducing  the  Siemens  fur- 
naces in  Kapfenberg.  These  works  commenced  with  furnaces  of  8  cruci- 
bles, each  holding  a  charge  of  45  pounds,  and  using  400  pounds  Leoben 
brown-coal  slack  per  100  pounds  steel.  At  present  (1873)  there  are  10 
Siemens  furnaces  of  18  to  20  crucibles  in  use.  The  charge  is  still  45^ 
pounds  to  each  crucible,  but  the  consumption  of  fuel  is- reduced  to  250 
pounds  brown-coal  slack.  The  annual  production  of  these  works  is 
30,000  centners.  This  steel,  mostly  soft- tempered,  is  used  for  gun-bar- 
rels, and  is  partly  exported  to  Germany.  It  is  no  longer  a  secret  that 
tbe  raw  material  used  to  produce  crucible  steel  is  regulated  according 

I _  I 

*  Described  by  Peter  v.  Tanner  in  his  book  "Der  Tfohlunterrichtete  Hammer  meisUr, 
Graz,  1846,  p.  424. 
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to  the  degree  of  bardaess  of  the  steel  required.    It  consists  in  mixing 
bar  and  spiegel  iron,  (ferro-manganese.) 

The  inventor  of  this  method  is  Alvis  Obersteiner  of  Murau.*  He 
has  used  this  mi:i[tare  in  Austria  as  far  back  as  the  year  1825,  and  re- 
ceived a  patent  for  it.  From  the  small,  unimportant  iron- works  of  Mu- 
rau it  was  transported  to  Westphalia,  and  from  thence  to  Essen,  form- 
ing the  basis  of  Mr.  Krupp's  immense  success  and  giant  works. 

A  specialty  of  the  Austrian  cast  steel  is  the  "  silver-steel "  of  Mr.  Miiller's 
works  in  St.  Egydy,  widely  known,  likewise,  for  the  production  of 
steel  strings  for  piano-fortes. 

The  manufacture  of  Wolfram  steel  has  been  everywhere  abandoned, 
on  account' of  the  easy  oxidation  of  the  Wolfram. 

The  whole  production  of  crucible  cast  steel  in  1871,  in  Austria, 
amounted  to  85,000  centnersf  from  18  different  smelting-works, 
and  has,  therefore,  been  augmented  tenfold  in  the  last  twenty  years. 
This  increase  would  have  been  still  greater  but  for  the  Bessemer-steel 
production. 

14.  Bessemer  steel. — The  first  Bessemer-steel  in  Austria,  and  (except  a 
few  unimportant  trials  made  in  several  places)  the  first  of  the  continent, 
was  produced  in  1862,  at  Turrack,  in  Styria.  Other  works  soon  followed 
in  Heft,  in  Carinthia,  in  1864.  In  1865  the  works  of  Neuberg  were 
opened.  The  production  of  the  existing  Bessemer  works  in  the  south- 
em  portion  of  the  Alpine  provinces  is  shown  by  the  annexed  table : 

Production  of  Bessemer  steel  in  Austria, 


Xame  of  Bessemer  work. 

1' 

^8 

3 
2 
2 
2 

2 

2 
4 

6 

Annual  production. 

Estimated 
amount  of 
present 
produce. 

Percentage  of 
net  produce. 

1869. 

1870. 

1871. 

Total. 

Clean 
ingots. 

Styria: 

Turraclc 

Oict 
9,270 
62,250 
63,325 

Owt 
12,153 
79, 598 
77,563 

Owt 

105.230 
91,538 
30,000 

62,051 
386, 896 

Owt 
50.000 
120, 000 

90.1 
89.0 
85.5 

83.5 

l^eubere 

87.0 

Graf.... 

84.5 

Zeltweir.  (since  1871  in  use) 

250,000 
100,000 

720,000 

Carinthia: 

Heft 

24,551 
1 106. 284 

15,276 
178, 985 

89.7 

84.0 

Austria  below  the  Enns : 

(Since  July  1 

Temitas ^  Middle  0/  1871  ... 

(Middle  of  1872... 

8a.  4 

Total 

365,680 

363,575 

698. 515 

1, 240, 000 

To  be  added  to  this  is  the  production  of  Eeschitza,  in  Hungary,  in 
1871,  125,000  centners,  and  Witkowitz,  in  Moravia,  65,56Q  centners, 
which  gives  for  the  total  produce  of  1871,  889,231  centners.  It  is  much 
in  favor  of  the  Bessemer  method  that  the  production  of  puddled  steel  in 
Austria  and  Hungary  from  1826  to  1851  (twenty-five  years)  amounted 
annually  only  to  about  three-quarters  of  a  million  centners,  while  the  pro- 
duct of  Bessemer  steel  in  eight  years  attained  the  annual  figure  of  889,231 
centners.    This  is  still  more  strikingly  shown  by  the  statistics  of  Styria, 

*  See  Yordemberger  Jahrbuch.    2  band.    Graz,  1843. 
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vhich  sbow  that  the  produce  of  puddled  steel  in  1851  amounted  to 
about  200,000  centners,  while  the  Bessemer  product  in  1871  reached 
260,000  centners,  and  may  be  calculated  for  1872  at  400,000  centners. 
The  charge  in  the  different  Bessemer  works  varies  between  100  and  50 
centners,  and  the  average  charge  may  be  put  down  at  70  centners. 

15.  Martin  steel. — ^The  manufacture  of  Martin  steel  was  commenced  in 
1867,  in  Kapfenberg,  under  the  direct  superintendence  of  Hr.  Martin, 
who  made  the  drawings  for  the  furnaces,  and  supplied  the  workmen. 
This  trial  showed  that  the  resulting  steel  was  better  in  quality  than  the 
crucible  cast  steel,  and  that  it  cost  less.  In  1869  immense  works  were 
erected  in  Florisdorf,  near  Vienna,  by  Messrs.  Barber  &  Klusemann,  the 
patentees  for  Austria.  These  works  contained  5  smelting  and  3  welding 
furnaces,  with  32  distant  and  4  close  gas-generators,  and  likewise  with 
11  Siemens  furnaces.  Martinis  process  is  also  used  in  Gratz  and  Keu- 
berg.  The  charges  average  about  60  centners,  consisting  of  25  per  cent, 
gray  pig-iron,  70  per  cent,  bar-iron  and  steel  scraps,  and  5  per  cent. 
Spiegel  iron  and  waste.  The  consumption  of  fuel  is  80  to  100  pounds 
coal,  or  140  to  160  pounds  of  brown  coal,  per  centner  of  steel.  The  pro- 
duce of  the  Martin's  works  of  Gratz,  in  1871,  was  as  follows :  Charges 
of  iron,  3,205,285  centners,  which  produced  3,019,774  centners  of  steel, 
with  a  waste  of  52,515  centners.  The  pure  steel  produced  amounted, 
therefore,  to  94.21  per  cent.,  the  waste  to  5.79  per  cent.  The  Martin 
works,  in  Neuberg,  produced  in  1871  14,368  centners  of  steel  ingots, 
with  a  loss  in  raw  material  of  9.8  per  cent.,  and  a  waste  of  1.7  per  cent 

16.    EXTISNT  OF   THE  TEON-INDUSTEY  IN    BOHEMIA,  MORAVIA,  AND 

Silesia. — Iron-mining  in  Bohemia  dates  back  in  the  remote  past  beyond 
the  records  of  history.  It  is  mentioned  in  lays  and  traditions  as  early 
as  677  years  before  Christ,  and  the  historian  Hajeck  locates  these  early 
works  in  the  vicinity  of  Gaslaw.  Many  of  the  names  of  Bohemian  towns 
are  derived  from  the  ancient  mining  localities.  Iron-smelting  was  for- 
merly carried  on  by  Bohemian  proprietiors  to  utilize  the  otherwise  value- 
less tracts  of  timber  covering  the  country ;  but  the  far-spreading  exten- 
sions of  railroads  have  recently  given  so  high  a  value  to  building-tim- 
ber that  iron-smelting  works  are  forced  to  employ  a  cheaper  fuel. 
Moravia  was  in  advance  of  Bohemia  in  changing  from  charcoal  to  a 
mixture  of  wood  and  coke.  Although  the  veins  of  brown  coal  in  Bohe- 
mia are  almost  inexhaustible,  there  is  still  an  acknowledged  want  of  suit- 
able coals  for  smelting  purposes.  There  soon  (1872-'73)  will  be  thirteen 
furnaces  using  coke  in  full  working  order  in  Bohemia.  They  will  con- 
sume at  the  minimum  calculation  5,000,000  centners  of  coke  to  produce 
the  same  effect  as  12,500,000  centners  of  coal.  The  coals  of  Schadowitz 
are  the  most  suitable  for  smelting  purposes.  The  Miroschan  coals,  on 
account  of  their  brittleness,  are  neither  suitable  nor  profitable  for  use  in 
furnaces.  Under  these  circumstances,  the  iron- works  in  Bohemia  using 
coke  will  always  have  to  rely  upon  a  foreign  supply  of  fuel.  The  Mora- 
vian iron- works  are  differently  sit  uated.    The  coal-fields  of  Ostran  insure 
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an  ample  supply  of  coke-producing  coal ;  bat  rich  iron-ore  veins  are 
Bcarce.  The  difficaltiea  in  the  rapid  development  of  smelttug-works 
nsing  coke  in  Bohemia,  Moravia,  and  Silesia  are  very  formidable,  but 
the  iron-masters  are  determined  to  overcome  tUem  and  to  maintain  the 
sace«8s  of  the  iroa-industry. 

17.  Iron-ore  Mining. — In  tlie  year  1807  there  existed  in  Bohemia  46 
furnaces  in  full  working  order,  prodnciag  1,040  hundred  weight  of  iron 
in  twenty-four  hours. 

The  following  table  shows  the  amount  of  iron-ores  produced  during 
1870: 

Production  of  iron-iyra  during  the  gear  ISJO, 
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Out  of  these  73  irou-works,  2  did  not  yield  any  profits  and  16  sus- 
pended operations.  Their  joint  production  of  iron-ores  amounted  to  40 
per  cent,  of  the  entire  produce  of  Austria. 

Abont  the  year  1865,  the  product  increased  lu  Bohemia  2,184,486 
centners,  and  in  Moravia  to  381,379  centners,  but  diminished  in  Silesia 
66,977  centners,  showing  a  total  increase  of  2,498,888  centners  in  the 
three  countries.  Sixty  per  cent,  of  the  iron-ore  comes  from  the  Silurian 
districts,  and  the  amount  carried  out  of  Bohemia  forms  90  per  cent,  of 
the  entire  produce  of  that  country.  The  principal  proprietors  of  the 
iron-mines  are  the  "  Prteger  Bisenindustrie  Gesellschaft,"  the  Lebrow 
estate,  the  elector  of  Hesse-Oassel,  the  Prince  CoUoredo  Metternich, 
and  Prince  Furstenberg  and  the  State  of  Pilsen.  The  greatest  mines 
are  those  of  Nucier.  The  Chamoisit  mines  are  worked  by  the  aforesaid 
company,  and  the  product  is  taken  through  horizontal  tnnnels  to  the- 
Kucier  Bailroad.  Below  the  level  of  the  tunnels  the  transportation  of 
the  ore  is  difficult  and  expensive.  The  red-ironstone  mines  are  com- 
prised in  two  divisions.  The  eastern  one  embraces  the  Karabina  Mount- 
ains, and  the  veins  of  Swarover  on  the  left  bank  of  the  Kacier  brook. 
The  western  division  is  formed  by  the  mines  of  Jezovciu  Chrbina,  on  the 
right  bank  of  the  little  river  Baciba.  The  eastern  division  is  known 
under  the  name  of  Suarow  works,  the  western  as  Chrbina  mines.  In 
Suarow  the  veins  are  perpendicular,  in  Chrbina  they  are  horizontal. 
The  average  cost-price  in  the  two  principal  works  is  as  follows :  Chrus- 
tenic,  1  hundred-weight  of  iron-ore,  15J  to  17  kreutzer ;  Krahnlov,  1  hun- 
dred-weight of  iron-ore,  22J  to  23^  kreutzer.  The  total  produce  of  iron- 
ore  from  the  mines  of  the  Elector  of  Hesse-Cassel,  in  the  year  1870, 
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amounted  to  371,190  handred- weight,  and  the  average  cost  per  hun- 
dred-weight amounted  to  10.9  kreutzer.  All  the  iron-mines  of  Bohe- 
mia are  worked  on  the  most  approved  scientific  principles.  In  minor 
works  the  water  is  taken  out  either  by  windlass  or  by  bucket,  but  in 
the  more  important  one9  pumps  are  employed,  moved  either  by  steam 
or  water  power.  In  Moravia,  in  most  cases,  the  mines  are  a  long  dis- 
tance from  the  smelting- works,  and  often  the  transportation  is  difficult 
and  insufficient.  The  cost-price  of  the  product  therefore  varies  con- 
siderably. In  a  total  production  of  9,473,374  hundred-weight  the 
price,  at  the  mouth  of  the  pit,  ranges  from  7}  to  10  kreutzer  (minimum)  to 
18  to  19  kreutzer,  (maximum.)  The  transportation  to  the  smelting- 
works  increases  these  prices  from  a  minimum  of  19  up  to  65  kreutzer. 

The  ores  of  Silesia  are  mostly  magnetic,  red,  brown,  and  spathic  iron- 
stones, and  specular  iron,  yielding  23  to  27  per  cent.  The  large  iron- 
works of  the  Archduke  Albrecht  of  Austria  cover  a  surface  of  1,229,312 
square  klafters,  and  their  produce  in  the  year  1871  amounted  to  188,730 
centners.  The  average  cost-price  amounted  to  37  kreutzer  per  centner. 
Some  of  the  ores  were  very  poor,  containing  only  18  to  24  per  cent,  of 
iron. 

18.  Production  of  pig-iron. — The  following  table  gives  the  quantity  of 
pig-iron  produced  in  the  three  countries  during  the  year  1870 : 


Country. 


Bohemia 
Moravia. 
Silesia... 


Total. 


Raw  iron. 


Bloom. 


Centners.* 

953.433 

410,  611 

65,910 


1, 429, 054 


Cast. 


Oentnert. 

320,476 

186,231 

51,974 


558,671 


Total. 


Oentnert. 

1,273,920 
596.832 
117,885 


1,  988,  637 


Number  of  famaoes. 


Not  work- 
ing. 


12 


13 


Working. 


40 
21 

6 


67 


Total. 


80 


Working 
weeks. 


yuniber. 

52 

1,727 

21 

874 

7 

293 

2,894 


*  Or  one  haudred-weight. 

The  production  of  pig-iron  was,  until  the  year  183«,  effected  through- 
out the  whole  of  Bohemia  by  means  of  charcoal-furnaces.  From  this 
period  the  use  of  coal-fuel  commenced,  and  a  constant  changing  of  old 
furnaces  and  adding  of  new  ones  has  been  going  on  ever  since. 

The  cost  of  producing  100  pounds  of  pig-iron  in  the  Silurian  districts 
may  be  stated  as  follows : 

•  Fl.      Kr. 

330  pounds  of  ore,  at  20  kreutzer 0  66 

45  pounds  of  limestone 0  2 

16  cubic  feet  of  charcoal,  at  15  kreutzer 2  40 

Wages 0  20 

General  working-expenses 0 
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Total 3      53 

The  steady  advance  in  the.  prices  of  charcoal  will,  in  the  future,  in- 
crease the  cost  of  the  raw  material. 
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19.  Founderies. — In  Bohemia,  casting  is  generally  done  directly  from 
the  fomaces,  and  the  largest  portion  is  common  commercial  castings. 
The  most  important  foandery  of  Bohemia  is  that  of  Kladno,  which  pro- 
daces  the  most  complicated  and  heaviest  machinery-castings.  The 
fonnderies  of  Moravia  are  almost  entirely  employed  in  machinery-cast- 
ing. Several  works  ase  cupolas  with  hot-blast.  The  most  important 
foandery,  that  of  Blansko,  tarns  oat  annnally  150,000  centners  of  cast- 
ings. 

The  Silesian  fonnderies  are  on  the  same  principle  as  the  Moravian, 
and  their  an naal  prodace  is  abont  60,000  handred- weight  of  castings. 
The  fonnderies  of  Adamsthal  work  np  annnally  46,000  handred- weight  of 
raw  material,  cousaming  fuel  as  follows :    Coke,  18,000  hundred-weight 
coal,  (Ostran,)  12,000  hundred- weight;  charcoal,  24,000  cubic  feet. 

20.  Boiling-works. — (1.)  The  works  of  the  Prceger  Eisenindustrie 
OeseUschaft,  These  works  are  in  Kladno,  Ntirschau,  Wilkischen,  and 
Josephihiitte.    The  annual  production  is  700,000  centners. 

(2.)  Baron  von  Bothschilds's  \^orks  at  Witkowitz.  The  produce, 
mostly  railroad-iron,  tires  and  axles,  sheet-iron  and  commercial  iron,  is 
400,000  centners  per  annum. 

(3.)  The  works  of  Archduke  Albrecht  at  Karlshutte  and  Ustron 
prodnce  320,000  centners  per  annum. 

(4.)  Rolling-works  of  Prince  FUrstenberg  in  Althutten,  near  Beraun 
and  Bras,  Bostok,  in  Silesia,  and  Purgletz,  in  Bohemia,  with  a  joint  pro- 
dace  of  290,000  centners  per  annum. 

(5.)  Iron- works  of  the  Klein  Brothers  in  Toptan  and  Stefanau,  produc- 
ing 200,000  centners  annually  of  beams,  girders,  boiler-iron,  and  steel. 

(6.)  The  white-iron  works  of  Neudeck  produce  80,000  centners  per 
annum. 

(7.)  Mr.  Bondy's  works  at  Bubna,  near  Prague,  produce  70,000  hun- 
dred-weight per  annum. 

(8.)  Count  Harrach's  establishments.  The  production  amounts  to 
28,000  centners  of  tin-plate,  18,000  centners  of  drawn  wire  and  light  bar- 
iron. 

(9.)  Two  works  of  an  unimportant  character  are  in  process  of  erection 
at  Komotan  and  Leibnitz.  Besides  these  large  establishments,  there 
are  several  smaller  ones. 

21.  Bloomaries  arid  ptiddling-worlcs. — ^The  manufacture  of  wrought  iron 
was,  up  to  the  year  1865,  an  important  branch  of  the  Bohemian  iron- 
industry,  and  there  were  then  in  operation  110  bloomaries  and  28 
blast-furnaces,  producing  more  than  250,000  hundredweight  per  an- 
num. The  production  of  Moravia  failed  to  come  up  to  this  stand- 
ard, and  in  1865  it  amounted  to  120,000  hundred-weight.  Silesia, 
with  28  bloomaries  and  10  blastfurnaces,  produced  about  50,000  hun- 
dred-weight,  so  that  the  total  production  of  the  three  countries  dur- 
ing the  year  1865  amounted  to  420,000  hundred-weight.  But  since 
this  period  most  of  the  Bohemian  bloomaries  ceased  to  work,  and 
in  1870  only  a  few  wore  in  active  operation,  and  these  worked  only 
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to  utilize  the  remnaDts  aud  scrap-iron  of  their  foanderies  aad  roll- 
ing-mills. Most  of  the  charcoal-furnaces  possessed  two  to  four  bloom- 
■aries,  which  partly  refined  the  pigiron  but  never  converted  it  into 
wrought  iron.  At  the  present  time  only  those  bloomaries  are  of  any 
importance  which  produce  rnw  material  for  rolling-mills,  especially  if 
the  object  is  to  produce  a  good  quality  of  iron  from  scraps  and  remnants. 
In  the  year  I87I  there  were  116  puddling  furnaces  in  Bohemia,  and  70  in 
Moravia  and  Silesia,  making  a  total  of  186  pnddlingfurnaces.  The  pig- 
iron  produced  in  Bohemia,  Moravia,  and  Silesia,  and  the  remnants  and 
scraps  of  rolling-mills,  do  not  satisfy  the  demand  of  the  pnddling-works 
for  raw  material,  so  that  over  2,500,000  hundred-weight  of  pig-iron  is 
annually  imported.  In  all  the  new  works  each  furnace  is  supplied  with 
a  separate  chimney.  Double  furnaces  are  only  employed  for  the  manu- 
facture of  inferior  kinds  of  iron.  The  "loupes"  are  compressed  by 
steam-hammers  on  the  Kasmith  principle.  The  works  are  fitted  up  with 
two  pairs  of  rollers,  but  those  erected  during  the  last  iBlve  years  have 
generally  three  rollers  placed  one  above  the  other. 

The  producing  capacity  and  the  consumption  of  material  differ  vastly 
on  account  of  the  different  kinds  of  coal  employed.  The  annexed  table 
shows  the  results,  employing  Ostran  coals,  in  the  manufacture  of  an 
average  quality  of  iron  per  100  pounds  rails : 

Consumption  of  pig-iron:  single  furnace,  114  pounds ;  double  furnace, 
114  pounds.  Consumption  of  coal :  single  furnace,  135  pounds^  double 
furnace,  96  pounds.  Weekly  capacity  of  production  :  single  furnace, 
270  hundred-weight ;  double  furnace,  400  hundred- weight. 

22.  Development  of  ieon- industry  in  Carinthia. — Among  the 
many  interesting  special  publications  to  accompany  the  e:diibits  at 
Vienna,  the  memoir  of  Friedrich  Mdnichsdorfer  upon  the  production 
of  iron  in  Carinthia*  is  deserving  of  special  mention.  Besides  a  gen- 
eral history  of  the  development  of  the  iron-industry  since  the  time  of 
King  Otto  in  the  year  953,  it  gives  an  account  of  the  prices  of  iron  dur- 
ing the  century,  a  tabular  statement  of  the  production  for  the  last  fifty 
years,  and  a  comparison  of  existing  furnaces  with  those  of  the  begin- 
ning of  this  century,  as  respects  form,  capacity,  extent,  and  economy  of 
production.  This  comparison  is  rendered  striking  and  instructive  by  a 
series  of  vertical  sections  of  the  furnaces  at  different  periods,  drawn  to 
the  same  scale,  presenting  a  complete  view  of  the  gradual  development 
of  furnaces,  from  the  simplest  form  in  early  times  to  the  modern  furnace, 
with  its  comparatively  enormous  product. 

During  the  construction  of  a  railway  a  few  years  since,  some  ancient 
smelting-hearths,  dating  back  to  the  time  of  the  Romans,  were  un- 
covered. They  consist  of  holes  or  ditches  depressed  below  the  sur- 
face of  the  ground  and  lined  with  fire-clay  and  quartz  to  a  thickness  of 
some  18  inches. 


*  Geschicbtlicbe   Eotwicklung  der  Roheiseu-Prodaktiuu    in    Kiiruteii,  zubaiunieu- 
gestellt  von  Friedrich  Miinichsdorfer,  Oberbergverwalter  iu  Hiltteuberg.     Klagenfurr 
1^73.    Pp.  36,  and  14  plates. 
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Blast-furnaces  from  5  to  6  feet  high  were  introduced  in  the  eighth 
centary.  They  were  so  placed  as  to  have  a  natural  draught  or  blast. 
The  ^^  wolf  furnaces  had  a  rectangular  base  of  4  or  5  feet,  and  a  height 
of  from  6  to  8  feet.  A  furnace  of  this  kind  at  S511ing,  in  1775,  was 
elliptical  in  section  and  12  feet  high.  The  iron  bloom  was  removed 
from  the  front. 

23.  Seotions  of  Cabinthian  fubnaoes. — The  sections  which  fol- 
low show  the  constantly-increasing  dimensions  of  the  furnaces  and  the 
economy  of  production.  In  the  following  descriptions  of  the  Garinthian 
furnaces  the  numbers  of  the  notes  at  the  foot  refer  as  below : 

1.  Kind  and  mixture  of  ore. 

2.  Blast. 

3.  Tuyeres. 

4.  Average  production  in  twenty-four  hours. 

5.  Consumption  of  coal  per  Vienna  centner  of  pig-iron  in  cubic  feet. 

6.  Per  cent,  of  production. 

The  name  of  the  furnace  and  the  date  are  placed  at  the  head. 


KBEMSBBUOKEN. 
Last  oampaign,  1833. 


J808 


1.  Brown  iron-ore  and  ocher. 

2.  Two  box-beUow8. 

3.  Onetnyere. 


Fig.  1. 

4.  62  Vienna  centners. 

5.  20.6  cabic  feet. 

6.  36  per  cent. 
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EISENTBATTEN. 


1808. 


5^ 
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20" 


IK — 


I87E 


k — 

5 


Fig.  2. 


Fig.  3. 


1.  Brown  iron-ore  and  ocher. 

2.  Four  box-bellowB. 

3.  Two  tuyeres. 

4.  95  Vienna  centners. 

5.  23.2  cubic  feet. 

6.  38  per  cent. 


1.  Brown  iron-ore  and  ocher. 

2.  Three  cylinders. 

3.  Three  tuyeres. 

4.  118  Vienna  centners. 

5.  16  cubic  feet. 

6.  37  per  cent. 
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BADENTHEIN. 


DEUTSOH-PONTAFEL. 


Last  campaign,  1863. 


Last  campaign,  1847. 


isea 


14' 


r8oa 


CV,, 


US', 


Vjl 


* 


Fig.  4. 

1.  Magnetic  iron-ore. 

2.  Two  box-bellows. 
.  One. 

4.  25  Vienna  centners. 

5.  20.3  cable  feet. 

6.  30  per  cent. 


Fio.5. 

1.  Red  and  brown  iron-ore. 

2.  Three  water-strommels. . 

3.  One. 

4.  45  Vienna  centners. 

5.  25.3  cubic  feet. 

6.  46  per  cent. 
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ST.  SALYATOB. 
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Fig.  6. 

1.  Brown  iron -ore  and  spathic  ore. 

2.  Two  box-bellow6. 

3.  One. 

4.  71  Vienna  centners. 

5.  18.6  cnbic  feet. 

6.  40  per  cent. 


O 


Fig.  7. 


1.  Brown  iron-ore. 
%  Three  box-bellows. 

3.  Two. 

4.  120  Vienna  centners. 

5.  16  cubic  feet.  « 

6.  40  per  cent. 
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HIST. 


tsos 


On 


\ ' 


I 


Fig.  8. 

L  Blown  ore  and  spathio  ore. 

2.  Two  box-bellows. 

3.  One. 

4.  59  Vienna  centners. 

5.  16.7  cnbio  feet. 

6.  36  per  cent. 


Fio.  9. 

1.  Brown  ore  and  spathic  ore. 

2.  Cylinders. 

3.  Two. 

4.  130  Vienna  oentners. 

5.  12  cubic  feet. 

6.  46  per  cent. 
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;^       OLSA. 
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Fig.  10. 

1.  4-5  brown  iron-ore,  1-5  spathic. 
5L  Two  box-bellowB. 

3.  One. 

4.  75  YioDna  centners. 

5.  15.9  cnbic  feet 
0.  36  per  cent 


Fio.  11. 

1.  Brown  iron-ore. 
S.  Three  cylinders. 

3.  Four. 

4.  275  Vienna  centners. 

5.  11  cnbic  feet 

6.  36  per  cent 
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FEISTBITZ. 


Last  campaign,  1834. 
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1.  Brown  and  fipathio  ore. 

2.  Two  "spitzbalgo." 

3.  One. 


Fig.  12. 


4.  80  Vienna  centners. 

5.  10.3  cubic  feet. 

6.  45  per  cent. 
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Fig.  13. 

1.  Brown  ore  and  spathic. 

2.  Four  box-bellows. 

3.  Three. 

4.  160  Vienna  centners. 

5.  12.2  cubic  feet. 

6.  46  per  cent. 


Fig.  14. 

1.  91  per  cent,  of  brown  ore  and  9  per 

cent,  of  spathic, ore. 

2.  Four  cylinders. 

3.  Three. 

4.  278  Vienna  centners. 

5.  10.48  cubic  feet. 

6.  46  per  cent. 
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1872. 


^ 


■P 


»      s 


ly  A 


52 


52 


1. 


>,  ^^  Fio.  16. 

o?e  '  T  E?^^^H?SJS^  9  per  cent  spathic    1.  91  per  cent  of  browi,  ore  and  9  per  cent  spathic 
4     un^nlSil  ^J}^'}^   .\  l'''^  ^^'y^''''-  o'^-      2.  Eight  cylinders.      3    Five.      4.    422 

Vienna  centners.    5.  8:»  cubic  foet.    «.  46  per 


4.    447  Vienna  centners.     5.  7.85  cubic  feet. 


6.  47  per  cent 


cent 
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UBTL. 
Last  campaign,  1B34. 


KOMPAGNTE  HtJTTB, 
Last  campaign,  1812. 
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Fig.  17. 

1.  Brown  ore  and  spathic  ore. 

2.  Two  box-bellows. 

3.  One. 

4.  71  Vienna  centners. 

5.  21.7  cnbic  feet. 
H.  38  per  cent. 


Fig.  1H. 

1.  Brown  ore  and  spathic  ore. 

2.  "  Schnbalge.'' 

3.  One. 

4.  61  Vienna  centners. 

5.  21.1  cnbic  feet. 

6.  48  per  cent. 
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Fig.  19. 

1.  Brown  ore  and  spatliio  ore. 

2.  Two  box-bellowH. 

3.  One. 

4.  99  Vienna  renUiers. 

5.  13.7  cnbic  feet. 

6.  50  per  cent. 


Fio.  20. 

1.  Brown  ore  an4  spatbic  ore. 

2.  Fonr  ostrillatio^,  four  flxeil,  and 

two  horizontal  cylinders. 

3.  Five. 

4.  225  Vienna  centners. 

5.  9.87  cabic  feet. 

6.  50  per  cent. 


Fig.  21. 

1.  Brown  ore  and  spathic  ore. 

2.  Fonr  oscillating,  four  fixed,  ami 

two  horizontal  cylinders. 

3.  Five, 

4.  264  Vienna  centners. 

5.  9.5f  cnbic  feet. 

6.  51  per  ceoL 
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MOSHIZ. 
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Fig.  22. 


Fio.23, 


1.  Brown  ore  and  spathic  iroa-ore. 

2.  Two  box-bellows. 

3.  One. 

4.  90  Vienna  centners. 

5.  14.1  cubic  feet. 

6.  52  per  cent. 


CABINTHIAN  FURNACES. 
BBEBSTEIK. 


33 


1808 


I// 


K 


/STB 


sr 


, ^_^A'1._. 


^ 


Jl5 


L-4£^'-i 


Fig.  24. 
1.  Brown  iron-ore  i,  and  spathic  ore  *. 
8.  Two  "spitzbalfje." 

3.  One. 

4.  63  Vienna  centners. 

5.  16.8  cabio  feet. 

6.  30  per  cent. 

3  I 


Pia.25. 

1.  Brown  ore  i,  and  spathic  ore  i. 

2.  Two  oscillating  and  two  fixed  cylinders 

3.  Three. 

4.  286  Vienna  centnerg, 

5.  9.88  cnbic  feet, 

6.  47  per  cent. 
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Fig.  26. 

1.  Brown  ore  and  spathic  ore. 

2.  Two  box-bcllowB. 

3.  One. 

4.  88  Vienna  ceutDers. 

5.  11.8  cubic  feet. 

6.  50  per  cent. 
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Fig.  27. 

1.  Brown  ore  85  per  rent.,  and  15  per  cent 
bpatbic  ore. 

2.  Two  fixed,  two  oscillating,  and  two  hor- 
izontal cylinders. 

3.  Three. 

4.  293  Vienna  centners. 

5.  9.13  cnbio  feet. 

6.  50  per  cent. 
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Fio.  28. 


Fig.  29. 


1.  Brown  iron-ore  85  per  cent.,  spathic  iron- 1.  Brown  iron-ore  85  per  cent.,  spathic  iron- 

ore  15  per  cent.  pre  15  per  cent. 

2.  Two  fixed,  four  oscillating,  and  twohor-2.  Two  fixed,  four  oscillating,  and  two  hor- 

izontal cylinders.  izontal  cylinders. 

3.  Three  tnyeres.  3.  Three  tuyeres. 

4.  296  Vienna  centners.  4.  325  Vienna  centners. 

5.  8.35  cubic  feet.  5.  9.39  cubic  feet. 

6.  50  per  cent.  6.  50  per  cent. 
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MINDISOH-KAPPEL. 
Last  campaiga,  1823. 
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Fig.  30. 

1.  Red  iron-ore,^(h6matite.) 

2.  Two  box-bellows. 

3.  One  tuyere. 

4.  35  Vienna  centners. 

5.  25  cubic  feet. 

6.  36  per  cent. 


Fig.  31. 

1.  Triachscklacke, 

2.  One  oscillating,  one  fixed  cylinder. 

3.  One  tuyere. 

4.  50  Vienna  centners. 

5.  12  cubic  feet. 

6.  58  per  cent. 
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Fig.  32. 

1.  Brown  ore  t,  spathic  ore  J. 
55.  Two  box-bellows. 

3.  One  tuyere. 

4.  38  Vienna  centners. 

5.  26.2  cnbic  feet.  ^ 

6.  30  per  cent. 


Fig.  33. 

1.  Specular  ore,  brown  ore,  and  spathic  ore. 

2.  Three  •*«acfcl«r.'* 

3.  Three. 

4.  115  Vienna  centners. 

5.  11  cubic  foet. 

6.  45  per  cent. 
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Fig.  34. 

1.  Brown  iron-ore  },  and  spathic  iron-ore  f . 

2.  Two  box-bellows. 

3.  One  tnyere. 

4.  57  Vienna  centners. 

5.  174  cubic  feet. 

6.  39  per  cent. 
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Fig.  3.5. 

1.  Brown  irou-ore  and  spathic  iron -ore. 

2.  Three  cylinders. 

3.  Three  tuyeres. 

4.  120  Vienna  centners. 

5.  12.5  cubic  feet. 

6.  41.6  per  cent. 


CARINTHIAN    FURNACES. 


ST.  LEONABD. 


39 


iais 


/808 


f// 


w 


«V| 


B* 


^l 


'    Fig  36. 

1.  Brown  iron-ore  f ,  and  spathic  iron-ore  i. 

2.  Two  box-bellows. 

3.  One  tayere. 

4.  53  Vienna  centners. 

5.  Id  cubic  feet. 

6.  45  per  cent. 


Fig.  37. 

« 

1.  Brown  iron -ore  f ,  and  spathic  iron-ore  i. 

2.  Two  cylinders. 

3.  Three  tuyeres. 

4.  132  Vienna  centners. 

5.  10.4  cubic  feet. 

6.  42  per  cent. 
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FiQ.  38. 
1.  Spathic  iron-ore. 
^.  Two  oylindora. 

3.  Six  tuyeres. 

4.  601  Vienna  centners. 
6.  150  pounds  coke. 

6.  84  per  cent. 
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24.  DIMENSIONS  OF  BLAST-FURNACES.— From  data  obtained  at  the 
exhibition,  a  writer  in  Engineering  gives  a  very  interesting  tabalar  ex- 
hibit of  the  sizes  and  yield  of  some  of  the  principal  blast-furnaces  in 
Europe. 

Principal  dimenaiona  of  hltut-furnaees  in  various  parts  of  Europe,* 


Deacription  of  famace. 

Number  of 
tayeroa. 

Heigbt  of 
furnace. 

Diameter  between. 

|j 

Cubic 
meters. 
117.58 

220.7 

13a  1 

204 

231.6 

158.7 

Yield  per 
week. 

RemflrVfl^ 

Tuy- 
eres. 

Boshes. 

Top. 

Tear  of  ereeti&n. 

Gleiwitc.  1854,  ooke-fnr- 

oaoe, 
Gleiwitz,  1872,  coke-Air- 

nace. 
XoDigsbiitte,  1855,  ooke- 

famace. 
Konigsbtttte,   1865,  coke- 

Annace. 
Konigsbfttte,  1872,  ooke- 

fiiniace. 

Crenootv  coke-ftimaoe 

Heinricbabutte.  1861. 

3 

8 
3 

7 

8 

3 
3 

3 

7 
6 

Metere. 
15.58 

ia7 

14.4 

14.8 

13.5 

16.8 
15 

14.1 

1&72 

16.96 
11.18 
13.14 
12.11 

13.3 

11.2 

9.98 

8.79 

13.27 
13.06 
12.76 
11.87 
9.28 

Meters. 
.94 

2.56 

1.07 

2.5 

2.67 

1.4 
1.1 

1 

2.24 

1.93 
.90 
.63 
.76 

1 

1.16 

.85 

.63 

1.89 

1.36 

1.17 

.94 

.72 

Meters. 
4.7 

5w34 

4.7 

4.7 

5.65 

5 
4.1 

a96 

5.44 

4.68 
3.45 
3.14 
122 

2.85 

2.56 

2.56 

2.05 

2.26 
2.82 
2.67 
2.37 
2.56 

Meters. 
1.88 

4 

2l2 

3.14 

3.77 

3 
2.51 

2 
C   3.2 
\   4.8 

2.(8 
.96 

1.36 

1.25 

2l02 

1.11 

.95 

.62 

.79 
1.78 
1.45 
1.39 

.85 

Tons. 
56.25 

250 
175 

Open  breast. 

Closed  beartb  and 
top. 

Open  beartb. 
Closed  beartb. 

coke-ftimoce. 
Ben^ge,  ooke-famace .... 
Wittkowitz,   Moravia,    ) 

coke-famaoe.                3 
Prftvali,  Carlntbia,  1872  . . 
Oleiwitz,  cbarooal.  1799  . . 

I 

112 

5 
"iasi' 

48.14 
46.9 

56.5 

240 
13.7 
25 

100 

46 

39 

17.5 

161 
67.5 
31 
24 

Open  beartb. 
Do. 
Do. 

Ch  arooal-fumace. 

Do. 
Open  beartb. 

Charooal-farnace. 

Do. 

Do. 
Cbarcoal. 

Gleiwite,  cbarcoal,  1829  .. 
KSnipbiitte,     cbarooal, 

Bogsban,  Hungary,  cbar' 

oooL 
St  Ghitrand,   Carlntbia, 

1872. 
Waldenstein,   Carinthla, 

1872L 

Combiers,    cbarcoal, 

France. 
Friedan,  charcoal,  Styria. 
Trammelaberg,  Sweden . . 

gOmbittan,  Sweden 

linnbo,  Sweden 

Straczena.  Hanfrarr 

2 
2 

4 

3 
3 
2 

2 
2 

*  Engineering,  August  8, 1873,  firom  tbe  Vienna  Exblbition. 

25.  Forms  assumed  by  furnaces  after  long  working. — In  con- 
nection with  this  table  of  the  principal  dimensions  of  blast-fnrnaces,  it 
is  very  instructive  to  compare  the  dimensions  which  furnaces  assume 
after  working  for  a  long  time.    Engineering  justly  observes : 

'*  This  table  gives  good  evidence  that  no  general  rules  have,  up  to  the 
present  time,  been  deduced  for  the  best  form  of  blast-furnaces  under 
certain  conditions,  as  not  even  those  furnaces  which  are  in  close  vicinity 
to  each  other,  and  which  are  worked  under  similar  conditions,  have 
been  built  with  corresponding  dimensions. 

"This  fact  will  be  understood  easily  enough  when  we  say  that  only^ 
the  original  designs  for  the  construction  of  a  blast- fnrnace  to  be  erected 
at  a  certain  place  happen  to  be  brought  to  the  knowledge  of  metallurgi- 
cal engineers ;  but  never,  or  very  seldom  only,  are  the  results  and  expe- 
rience gained  in  working  this  furnace  brought  before  the  public.  This 
want  of  general  rules  becomes  the  more  striking  when  we  find  that  na- 
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tare  itself  has  made  the  best  engineer  and  draaghtsinan  in  this  case, 
and  that  we  only  want  to  keep  our  eyes  open  to  its  teachings.  Ambi- 
tion and  selfishness  alone  can  have  kept  us  so  long  from  acknowledging 
these  facts. 

'*  It  is  clear  that  the  best  form  of  blast  furnaces  will  be  that  which,  all 
other  circumstances  being  equal,  will  work  with  the'  greatest  economy 
of  fuel  and  with  the  least  deterioration  of  the  furnace-lining.  Now,  in- 
stead of  engaging  ourselves  with  extended  speculation  about  the  mode 
of  finding  out  the  best  form  of  furnaces,  it  would  prove  to  be  much 
wiser  to  look  at  the  inside  of  such  furnaces  after  they  have  worked  ef- 
fectively for  some  time.  It  is  by  no  means  a  rare  fact  that  blast- 
furnaces give  the  best  working  results  a  very  short  time  before  they  are 
obliged  to  be  put  out  of  use  on  account  of  the  general  wear  and  t^ar  of 
the  lining. 

"  In  all  such  cases  the  furnace  itself,  at  the  end  of  a  campaign,  will 
give  valuable  hints  as  to  the  form  best  adapted  for  the  particular  cir- 
cumstances. But  instead  of  learning,  by  close  inspection,  the  wants  of 
nature,  in  most  ca«es  we  rebuild  the  furnace  according  to  the  original 
type,  quite  irrespective  of  the  conclusions  which  may  be  drawn  from  the 
excessive  deterioration  of  some  parts  of  the  interior. 

''  It  is  more  than  probable  that  the  comparison  of  a  series  of  such 
self  formed  sections  of  blast-furnaces  at  the  end  of  their  campaigns  will 
afiPord  us  means  of  deducing  certain  formulae  for  the  determination  of 
the  most  effective  form  of  coke  or  charcoal  blast-furnaces,  with  due  ref- 
erence to  the  different  circumstances  under  which  they  may  work.  But 
to  arrive  at  such  a  desirable  result,  it  is  necessary  before  all  that  the 
different  iron-masters  and  metallurgical  engineers  should  aid  the  under- 
taking, by  publishing  the  results  obtained  with  furnaces  of  certain  con- 
struction, and  at  the  end  of  each  campaign  give  a  complete  section 
showing  the  wear  and  tear  of  the  lining.  We  believe  it  to  be  of  the 
highest  interest  to  all  connected  with  the  iron-trade  that  such  knowl- 
edge should  be  largely  diffused  among  the  iron-works  proprietors  and 
metallurgical  engineers." 

Accordingly,  Engineering  presents  sections  obtained  from  drawings 
at  Vienna  of  a  charcoal  blast-furnace,  exhibiting  in  a  striking  manner 
the  modification  of  the  form  of  the  interior  after  a  campaign  of  five 
years'  duration.  These  drawings  are  here  reproduced.  They  represent 
one  of  a  set  of  three  furnaces  at  Mariazell,  in  Styria,  working  calcined 
spathic  ores  containing  42  per  cent,  of  iron.  It  was  lined  with  brick, 
and  the  crucible  was  built  of  sandstone.  The  broken  lines  in  the  verti- 
cal and  horizontal  sections  show  the  ultimate  shape  assumed. 
'  The  furnace  was  working  well  when  stopped  on  account  only  of  the 
falling  of  part  of  the  brick  lining. 

There  is  a  striking  similarity  between  these  sections,  the  result  of 
wear,  and  the  form  considered  in  some  parts  of  Styria  as  the  best  for 
smelting  spathic  ores.    Take,  for  example,  a  section  of  a  charcoal  blast- 
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furnace  at  Hieftaii,  near  Eisenerz.  It  is  nearly  the  same  as  the  ultimate 
section  of  tbe  Mariazeli  furnace. 

In  further  illustration  and  confirmation  of  this  tendency  to  assume  a 
form  corresponding  closely  to  the  shape,  and  proportions  believed  to  be 
the  best  in  Styria,  sections  of  another  of  the  three  Mariazeli  charcoal-  j 

furnaces  are  shown.    These  are  contributed  by  J.  Stummer-Traunfels,  j 

of  Vienna,  to  Etigineering^  in  corroboration  of  the  views  expressed, 
and  are  also  very  instructive.  This  furnace  was  also  working  in  a  sat- 
isfactory  manner  up  to  the  time  of  the  stoppage  of  tbe  blast  for  the 
purpose  of  putting  in  a  new  lining.  It  had  been  in  blast  continuously 
for  three  years,  and  produced  good  iron  with  economy  of  fuel. 

RESCHITZA  STATE  RAILWAY. 

26.  This  company  makes  one  of  the  most  complete  of  the  exhibitions  of 
iron  and  steel,  including  the  fuel  used  and  models  of  the  mines  and  ap- 
paratus for  extraction  of  the  ore.  We  here  find- a  complete  section  of  a 
bed  of  coal,  showing  the  roof  and  fioor,  with  a  clay  parting  in  the  midst 
of  the  bed.  This  specimen  is  14  feet  4  inches  long,  and  stands  about 
6  feet  high,  the  seam  being  inclined  to  the  horizon.  Here,  also,  is  the 
largest  Bessemer  steel  ingot  in  the  exhibition,  7  feet  I  inch  long,  and  33 
inches  in  diameter,  weighing  8,925  kilograms.  There  are,  besides,  a 
series  of  steel  ingots,  test-objects,  showing  the  character  of  the  fracture; 
a  series  of  sections  of  rails  with  hard  crystalline  heads,  and  fibrous 
bottom,  some  with  steel  head  and  iron  base.  A  series  of  sections  of  , 
shape  iron  of  various  forms  is  shown  to  illustrate  their  internal  struc- 
ture, one  being  polished,  and  the  other  etched  in  acid,  bringing  out  in 
this  wa3^  the  folding  of  the  layers  in  the  bars  or  the  *' fibrous"  structure. 
A  large  tire  for  railway  driving-wheels,  8  feet  9^  inches  in  diameter,  at- 
tracts attention  on  account  not  only  of  its  size,  but  its  liglitness  and 
perfection  of  form. 

In  a  fishplate  joint  for  rails  a  method  of  preventing  the  nuts  from 
turning  is  shown.  A  small  square  plate  of  steel  or  iron,  about  one- 
eighth  of  an  inch  thick,  is  placed  under  the  nut,  and  one  side  is  raised 
up  by  a  stroke  of  a  chisel  applied  under  the  edge. 

27.  FERRO-MANaANESE.-  A  notice  of  the  splendid  exhibition  in  the  Res- 
chitza  pavilion  would  be  incomplete  without  more  than  a  passing  reference 
to  the  samples  of  ferro  manganese,  or  mangan  iron,  of  three  grades,  con- 
taining from  25  per  cent,  to  35  per  cent,  of  manganese.  This  alloy  is  very 
important  in  the  manufacture  of  steel,  and  with  the  growth  of  the  in- 
dustry of  steel  in  all  parts  of  the  world  it  assumes  a  constantly-increas- 
ing imi)ortance.  The  home-production  of  ferro-uianganese  is  greatly 
needed  in  the  United  States,  where  it  certainly  might  be  made  with  our 
mangauiferous  ores  and  abundant  fuel  at  a  moderate  cost.  The  process 
of  ^nanufacture,  it  will  presently  be  shown,  is  very  simple,  attention  how- 
ever, being  requisite  to  some  important  points,  which  might  be  over- 
looked and  prevent  success.    At  present  the  fojeign  metal  is  thrown  into 
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the  market  at  constantly  decreasiug  prices.  This,  and  in  general  the 
comparatively  small  quantity  required  by  oar  steel-establishments  sep- 
arately,  appear  to  have  discouraged  the  investment  of  capital  in  a  special 
nndertaking  for  the  mannfacture  of  ferro- manganese  upon  a  large  scale 
for  the  supply  of  the  home  demand. 

28.  At  Beschitza,  and  probably  at  Laibach  also,  (the  Krainische  Indus- 
trie-Oesellsehaft^)  ferro-manganese  is  made  in  a  blast-furnace,  with  char- 
coal as  fuel  and  limestone  as  the  flux.  The  ore  is  a  ferruginous  mixture, 
containing  about  37  per  cent,  of  sesquioxide  of  manganese.  It  is  sili- 
ceous, and  somewhat  resembles  in  appearance  tbe  hard  manganese-ore 
from  Eed  Island,  in  the  Bay  of  San  Francisco,  California.  It  contains 
about  29  per  cent,  of  silica  and  some  alumina,  as  shown  by  the  sub- 
joined analysis: 

Analynia  of  ore  used  at  Reschiiza  for  ferro-manganese. 

Silica Si  O3 28.  613 

Alumina AI2  O3 8.073 

y^^„  j  Protoxide Fe  O 0.367 

^^^"  t  Sesquioxide Fj  O3 19.031 

Sesquioxide  of  manganese Muj  O3 37.224 

Lime Ca  O 2.430 

Magnesia Mg  U 0.  261 

Water HO 3.361 

This  ore  in  the  furnace  requires  a  large  amount  of  limestone  to  be 
added  as  flux.  The  larger  tbe  quantity  of  limestone  used,  or  the  more 
highly  basic  the  charge  is  made,  the  lar4;er  is  the  percentage  of  man- 
ganese in  the  product.  Thus,  by  using  15  per  cent,  of  limestone  and  9i^ 
per  cent,  of  ore,  the  product  contains  about  25  per  cent  of  manganese. 
Doubling  the  amount  of  limestone,  about  5  percent,  additional  of  man- 
ganese is  gained,  giving,  say,  30 per  cent,  of  manganese;  trebling  the  /^ 
quantity  of  limestone,  the  metal  containing  35  per  cent,  of  manganese.  ^^ 
Thus,  to  recapitulate  results  which  have  been  obtained,  we  have : 

SSSSSe-oreV.;:::;:.:::.::::::^ 
100 

28.  6  limestone \      00  •.«,.  ^^.^4.  ^^^^^^r.^^ 

m    A  >  =29  per  cent,  manganese. 

71. 4  manganese-ore )  *  ^ 

100 

42  limestone \       ok  .v..«  ^^^4-  .«.»»/»A»»»r. 

KQ.  ^ «««««, ...A  r.^^  >  =  35  per  cent,  manganese. 

08  manganese-ore )  *  ^ 

100 

In  a  trial  with  the  ore  of  which  the  analysis  is  given,  43  per  cent,  of 
limestone  was  added,  so  tliat  the  oxygen  ratio  of  the  bases  to  that  of 
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the  acid  was  as  15.88  to  10.68  =  1.48  to  1,  or  nearly  as  1}  to  1.  This  for 
charcoal  is  a  highly  basic  charge,  bat  it  is  a  most  important  condition 
in  the  manufacture  of  mangan  iron. 

To  prevent  the  slagging-np  of  the  furnace,  it  is  necessary  to  have  a 
high  pressure  of  blast,  much  greater  than  is  generally  used  in  charcoal- 
furnaces,  and  as  high  as  90  to  100  millimeters  of  quicksilver.  The  blast, 
moreover,  must  be  highly  heated.  In  this  instance  it  was  carried  to  250^ 
Celsius  =  482^  Fahrenheit,  the  highest  point  attainable  with  the  heating- 
apparatus  of  the  Beschitza  works  at  that  time.  With  a  higher  temper- 
ature of  blast  and  still  more  limestone,  an  alloy  containing  at  least  50 
per  cent,  of  manganese  could  be  produced.  The  furnace  must  be  kept 
very  hot,  and  the  limestone  always  in  excess. 

The  quantity  of  materials  used  and  the  costs  of  production  can  only  be 
stated  approximately.    At  Beschitza  it  was  approximately  as  follows : 

Fl.kr. 

1,400  kilograms  of  ore 2  94 

5  hectoliters  charcoal 2  00 

600  kilograms  limestone 21 

Labor,  &c 1  00 

Total  in  Austrian  florins 6  15 

The  product  being  50  kilograms  of  ferro-manganese,  containing  35 
per  cent,  of  manganese.  This  sum  is  equivalent  to,  say,  tS.lO  for  100 
pounds  of  ferro-manganese,  being  at  this  rate  over  $60  per  ton. 

Mixtures  of  ibon  and  BESSE:ttEB  steel. — ^There  were  some  very 
interesting  specimens  illustrative  of  the  effects  produced  upon  soft  gray 
pig-iron  by  adding  Bessemer  steel  in  increasing  quantities.  The  speci- 
mens present  a  regular  gradation  in  fracture  from  soft  gray  pig  to  hard 
white  metal.  Some  large  rolls  for  rollingiron  were  shown  to  which  12  per 
cent,  of  Bessemer  steel  had  been  added. 

29.  The  Krainische  Industrie- Oesellschaft  of  Laibach,  Tyrol,  exhibit  an 
interesting  series  of  specimens  of  splegel  iron  and  ferro-manganese,  rang- 
ing from  8  to  35  percent,  of  manganese.  The  alloy  containing  the  high 
percentage  of  manganese  is  in  block»i  9  inches  thick,  and  breaks  with  a 
fluely-bladed  or  columnar  fr<icture,  not  exhibiting  brilliant  crystalline 
plates,  but  rather  a  fibrous  structure.  The  ores  are  also  sh6\vn,  together 
with  manganese  and  bauxite. 

30.  RosiTZER  Mining  Company. — The  Bositzer  Bergbau- Oesellschaft 
make  a  very  attractive  installation  illustrating  their  works  and  products. 
The  whole  does  not  occupy  more  than  ten  feet  square  at  the  base,  but 
is  in  the  form  of  a  pyramid,  rising  about  ten  feet  high,  and  formed  of 
sections  of  rolled  girders  of  different  sizes,  the  largest  at  the  base,  and 
upon  them  samples  of  the  pig-iron  and  of  steel  proof-ingots  broken 
asunder,  of  bars  and  shafts  broken  across,  and  sections  of  rails  and 
angle-iron.    The  ores  (slags,  fluxes,  &c.)  are  also  shown  in  an  attractive 
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way.  We  also  find  castings,  hoop  and  rod  iron,  model  of  workmen's 
houses,  model  of  the  machinery  at  the  shaft;  the  hoisting-gear;  a  large 
cage,  for  two  wagons  side  by  side,  fitted  with  a  hood,  eccentric  safety- 
clatches,  and  a  spiral  spring. 

The  fire-brick  ased  are  also  shown.  Some  of  them  are  of  great  size, 
a  yard  or  more  in  length  and  9  inches  thick,  remarkable  for  their  sharp- 
ness and  excellence.  Specimens  of  coal-fossils,  photographs,  and  blocks 
of  coal  on  the  top  of  the  pyramid,  complete  this  compact  and  well-made 
exhibit. 

31.  JiTDENBURaER  Iron-Works. — The  joint- stock  company  »*  Juden- 
burger  Eisenwerke,"  of  Vienna,  exhibited  a  number  of  boiler-plates  of 
large  size,  a  plan  of  the  works  at  Judenburg,  and  a  graphic  chart  of 
production  and  prices  for  the  last  eight  years.  The  dimensions  of  some 
of  the  plates  were — 

Locomotive  frame-plate,  8,015  x  765  x  9  millimeters,  weighing  426 
kilograms.    Annual  production,  1,600  to  2,000  pieces. 

Tender  frame-plate;  5,070  x  770  x  9  millimeters,  weighing  264  kilo- 
grams.   Annual  production,  1,600  to  2,000  pieces. 

Boiler-plate,  2,180  x  1,505  x  15  millimeters,  weighing  393  kilograms. 
Annual  production,  3,000  to  3,500  pieces. 

Plate,  2,000  x  290  x  28  millimeters,  weighing  126  kilograms. 

Plate,  2,709  x  1,500  x  2  millimeters,  weighing  71.5  kilograms. 
Annual  production,  7,000  to  8,000  pieces. 

Plate,  12,008  x  1,290  x  9.35  millimeters,  weighing  1,071.23  kilo- 
grams. 

Plate,  4,346  x  1,948  x  8.80  millimeters,  weighing  546.10  kilograms. 

Plate,  3,265  x  1,580  x  0.6 16  millimeters,  weighing  24.5  kilograms. 

Plate,  2,249  x  1,602  x  0.244  millimeters,  weighing  6.47  kilograms. 

Plate,  2,344  x  1,356  x  0.183  millimeters,  weighing  4.5  kilograms. 

The  principal  market  for  these  plates  is  in  Vienna,  for  the  manufac- 
ture of  locomotive-boilers,  for  steamboat-boilers,  on  the  Danube,  and  at 
Prague,  BrtLnn,  and  Pesth.  Plate  was  supplied  last  year  for  over 
400  locomotive  boilers.  The  following  is  a  tabular  statement  of  the 
production  and  price  per  zoUcentner  for  the  last  eight  years  : 


Year. 


18M 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 


Boiler-plate  in 
zoll-centners. 


32,239.03 

25, 075. 69 

48, 27Sw  24 

70,  922.  63 

M),  603.  42 

90,  451. 94 

103,  057. 11 

116,  465. 91 

125. 321. 81 


Average  price. 


Fl.  kr. 
8  79.4 
94.7 
10.3 
2.\6 

8  31.2 
«  97.3 

9  04.5 
9  21.  6 

10  34.8 


7 
7 
7 


Total  value. 


Fl.  kr. 
195, 525  78 
199, 290  31 
342,923  80 
515,  161  00 
753,096  53 
811,646  29 
932, 144  73 
1,073,311  20 
1, 296, 777  16 


The  property  of  the  Judenburger  Company  consists  of  puddling 
and  rolling  mills  at  Judenburg;  coal-mines  at  Zeltweg,  Styria;  iron- 
4  I 
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mine  and  blast-faruace  at  Olsa,  Carinthia  ]  rolling-mills  in  Hetzendorf, 
Styria. 

At  the  rolling-mills  of  Judenburg  there  are  3  turbine  wheels'of  20 
horse-power,  one  of  90  horse-power,  and  a  water-wheel  of  100  effective 
horse-power  for  a  line  of  plate-rolls ;  three  trip-hammers,  one  of  which 
has  a  falling- weight  of  24  and  the  other  two  of  20  centners;  a  large 
steam-engine  of  200  horse-power  for  a  line  of  plate-rolls. 

There  are,  in  addition,  one  large  steam-hammer,  with  a  falling-weight 
eqaal  to  300  centners  through  one  inch,  and  a  five-foot  stroke;  2  large 
steam-shears,  with  seven  feet  cutting-length,  to  cut  18  lines  thick,  cold ; 
10  puddling-fumaces ;  2  Siemens  heating-ovens ;  10  heating-ovens  of 
other  construction ;  and  a  variety  of  other  accessories  to  the  manu- 
facture. 

This  is  the  largest  establishment  for  the  manufacture  of  boiler-plate 
in  Austria.  The  first  Siemens  welding-furnace  was  set  up  in  1869. 
The  product  of  one  furnace  in  twelve  hours  is  usually  over  3,000  kilo- 
grams, and  sometimes  rises  to  5,000  kilograms.  Over  300  workmen 
are  employed. .  The  pig-iron  is  obtained  partly  from  the  company's  fur- 
nace at  Olsa  and  partly  from  the  blast-furnace  at  Treibach,  from  Yor- 
dernberg,  and  from  Eisenerz.  The  coal  comes  chiefly  from  the  com- 
pany's mines  at  Zeltweg. 

The  works  at  Hetzendorf  are  intended  chiefly  for  the  manufacture 
of  long  sheets  of  plate-iron  and  plate  of  superior  quality.  The  power 
is  derived  from  a  turbine  wheel  of  120  horse-power  for  a  set  of  universal 
rolls ;  one  turbine,  of  60  horse-power,  for  a  set  of  bloom-rolls ;  one 
turbine,  of  20  horse-power,  for  the  accessory  work.  There  is  one  steam- 
hammer  with  a  falling- weight  of  100  centners,  6  feet  stroke ;  one  of  60 
centners,  5  feet  stroke ;  two  Siemens  welding-furnaces ;  seven  puddling- 
furnaces ;  four  heating-ovens  for  plate ;  and  the  corresponding  shears 
and  accessory  machinery. 

32.  EOTABY  PUDDLEE. — A  model  of  a  rotary  puddling-fioirnace  plant, 
with  regenerative  furnaces,  according  to  Dr.  Siemens's  plan,  is  shown  by 
Joh.  Willroider,  of  Villach,  in  the  Carinthia  building.  The  gearing 
is  applied  below ;  it  is  sustained  upon  plane-faced  wheels.  The  opening 
at  the  back  is  closed  by  a  square  sliding  door,  and  the  puddled  ball  is 
to  be  withdrawn  through  this  opening  and  to  drop  through  a  chute 
below  into  a  car  in  the  pit  under  the  rotating  vessel.  The  flame  enters 
and  returns  on 'opposite  sides  of  a  vertical  wall,  while  in  the  Sellers 
puddler  in  the  United  States  section  the  division  is  horizontal. 

33.  Ehbenwebth's  puddleb. — We  have  in  the  same  building  a 
model  of  a  new  form  of  rotary  puddler,  designed  by  Joseph  v.  Ehren- 
-werth,  of  the  E.  E.  Bergakademie  zu  Pribram,  Bohemia.  The  two  ver- 
tical sections  annexed  will  serve  to  show  its  construction  and  method 
of  working. 

The  horizontal  pan-shaped  hearth  A  (Figs.  45  and  46)  is  supported 
ttpon  a  pivot,  W,  to  which  motion  is  imparted  by  bevel-gearing.    An 


EHRENWEBTH8    ROTARY   PUDDLISG-FURNACE. 


Fio.  45. — LoDg^tadiDal  seotioD. 


FiO.  46. — TranBTorse  seation. 
EHBENWBBTH'b  KOTABT  PUDDLlNQ-PyEHAOB. 
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annular  trough  filled  with  water  below  the  rim  of  the  hearth  serves  to 
form  an  air-tight  joint,  keeping  the  flame  from  the  gearing  and  supports 
below.  The  rabble  is  fixed  at  one  side.  The  cost  is  stated  at  aboat 
^2,000.    Its  valae  for  the  intended  object  remains  to  be  shown  by  use. 

The  annexed  additional  description  is  translated  from  the  inventor's 
circular  stating  the  advantages  of  this  form  of  puddler. 

The  pnddling-farnace  with  rotating  hearth  differs  from  the  ordinary 
pnddling-fnrnace  only  in  the  fact  that  the  hearth,  which  is  fastened  to 
a  vertical  shaft,  can  be  set  in  rotation. 

Any  method  of  heating  desired  can  be  used.  The  model  represents 
a  furnace  with  gas-heating  apparatus  with  Siemens  regenerators,  and 
the  drawing  such  a  furnace  with  inclined  grate. 

In  the  drawing,  F  is  the  foot-journal  and  L  the  neck-journal,  W  the 
vertical  shaft,  A  the  hearth,  which  is  fastened  to  the  rosette  r. 

The  hearth  consists  of  the  bed-plate  and  the  hearth- wall.  Both  are 
formed  of  many  pieces  of  cast  iron,  as  indicated  in  the  model.  The 
hearth-wall  can  be  coated  on  the  inside  with  any  suitable  refractory 
material. 

In  order  to  exclude  the  air  from  the  interior  of  the  furnace,  a  cylinder 
of  plate  is  fastened  to  the  bottom  of  the  hearth,  or  to  the  wall  of  the 
same,  which  dips  in  water  contained  in  the  annular  basin  B,  having 
constant  inflow  and  exit.  The  annular  basin  is  attached,  air-tight,  to 
the  furnace- wall. 

In  order  to  cool  the  bottom,  jets,  with  roses  attacheu,  are  introduced, 
which  sprinkle  water  against  it.  The  cooling  of  the  si.  c- walls  is  ef- 
fected in  different  ways  according  as  the  cylinder  of  plate,  necessary 
for  the  exclusion  of  the  air,  is  attached  to  the  bottom  or  to  the  rim  of 
the  hearth.  In  the  first  case  the  parts  of  the  wall  are  hollow,  as  shown 
in  the  model,  and  the  cooling-water  is  conducted  through  pipes  r  under 
pressure  into  the  hollows.  The  escaping  water  falls  over  the  lower  edge 
into  the  basin,  (model.)  In  the  latter  case,  which  is  to  be  more  recom- 
mended, the  cooling- water  is  conducted  against  the  hearth-wall  through 
jets  fixed  in  a  circle,  and  then  drops  into  the  basin.  In  this  case  the 
hearth-walls  may  be  made  solid. . 

The  motion  of  the  hearth  is  imparted  to  it  by  means  of  toothed  gear- 
ing, from  the  driving-shaft  Wa,  which  is  set  in  motion  by  means  of  a 
belt  from  a  main  shaft.  For  large  works  it  is  advantageous  to  have  one 
subterranean  main-shaft  common  to  all  the  furnaces. 

The  operation  of  the  hearth  is  as  follows :  After  the  charging  is  fin- 
ished the  hearth  is  set  in  rotation.  If  it  is  intended  to  stir  the  bath 
after  complete  melting,  then  rabbles  provided  with  broad  blades  placed 
obliquely  are  introduced  through  the  balls  k  inserted  in  the  furnace- 
doors,  and  the  puddling  is  performed  either  by  hand  or  machine,  from 
the  edge  of  the  hearth  toward  the  center.  If  the  rabbles  are  placed 
obliquely  from  opposite  sides,  and  one  worked  toward  the  center  and 
the  other  toward  the  outside,  the  best  possible  puddling  is  obtained  by 
means  of  this  double  motion  of  the  hearth  and  rabbles.    . 
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The  blooming  is  done  by  hand  as  ordinarily  in  the  farnace  with  fixed 
hearth,  and  daring  this  time  the  hearth  is  intermittently  in  motion,  in 
order,  after  completion  of  a  bloom,  to  bring  another  mass  of  iron  again 
before  the  door. 

Afber  the  blooming  the  hearth  is  again  set  in  rotation,  in  order  to  ex- 
pose the  blooms  to  as  uniform  a  heat  as  possible.  The  blooms  are  after- 
ward taken  oat  and  drawn  in  the  asaal  way. 

The  excess  of  slag,  formed  by  each  new  charge,  is  taken  oat  at  the 
end  of  the  process  by  means  of  a  ladle.  (It  can,  however,  be  allowed 
to  flow  off,  daring  the  working,  over  two  places  in  the  hearth-wall,  which 
are  lower  than  the  rest.) 

The  charge  for  a  farnace  with  two  working-doors  is  15  to  20  centners. 
To  work  sach  a  furnace,  when  the  puddling  is  not  done  by  machinery, 
four  men  are  generally  necessary,  two  or  three  workmen,  and  a  fireman. 
The  power  required  is  about  i  to  J  horse-power.  The  most  advanta- 
geous number  of  revolutions  during  the  puddling  is  about  20  to  24  per 
minute.  The  advantages  which  the  puddling-furnace  with  rotating 
hearth  offers  are  based  upon  the  facts  that  the  working  is  done  either 
partially  or  wholly  by  machinery,  and  in  consequence  of  the  rotation  of 
the  hearth  all  parts  of  the  iron  pass  through  the  same  phases  of  heat, 
and  are  also  entirely  and  uniformly  heated.  The  advantages  over  the 
ordinary  puddling-furnace  are  especially  the  following : 

1.  Gheaper  production,  in  consequence  of  the  saving  of  fuel  and  hand- 
labor. 

2.  Increased  production  with  an  equal  outlay  of  capital. 

3.  Independence  of  the  ordinary  puddler.  Even 'with  the  fixed  rabble 
the  work  is  accomplished. 

4.  Uniformity  of  product,  in  consequence  of  thorough  puddling  and 
uniform  heating. 

5.  Easy  regulation  and  control  of  the  running. 

6.  Saving  in  health  and  comfort  to  puddlers. 

This  rotating-hearth  puddler  is  claimed  also  to  be  especially  well 
suited  to  steel-puddling,  and  to  offer  greater  advantages'to  this  than  for 
iron-puddling. 

34.  Hydraulic  forging. — ^A  suit  of  parts  of  railway  running-gear 
and  of  parts  of  locomotives  is  shown  by  Mr.  Haswell,  of  the  Imperial 
State  Bailway  Works,  near  the  depot  of  the  Southern  Railroad,  Vienna. 
These  objects  are  extremely  interesting,  not  only  to  manufacturers  of 
locomotives,  car-wheels,  &c.,  but  to  industry  in  general,  as  illustrations 
of  what  may  be  accomplished  by  Haswell's  method  of  forging  iron  or 
steel  by  direct  pressure,  slowly  applied  to  the  metal  while  hot.  The 
description  of  this  method  forms  a  separate  chapter  of  this  report. 

35.  Wire-rope  traces.— The  St.  Egydy  and  Kindberger  Iron  and 
Steel  Industry  Company,  formerly  Anton  Fischer,  of  Vienna,  exhibited 
a  large  number  of  wire-rope  traces  adapted  to  farming  purposes, 
wagons,  and  wherever  leather  traces  or  chains  are  used  for  draught. 
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These  traces  have  the  advantages  of  great  strength,  lightness,  pliability, 
and  darability,  and,  besides,  are  cheap,  as  will  be  seen  irom  the  annexed 
table  of  sizes  and  prices.  The  lengths  are  stated  in  Austrian  feet,  and 
the  price  in  florins  and  kreatzer.* 

Sizes  and  prices  of  iron  traces, 
[Length  in  Austrian  feet.] 
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2    25 
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3i 

2    25 

2    30 

2    35 

2    45 

2    50 

2    60 

2    65 

2    75 

2    90 

The  form  of  these  traces  and  the  arrangement  of  loops  and  links  at 
the  end  are  shown  in  the  figure. 


^Qf 


Galvanized  iron-wire  traces. 


The  loops  at  the  ends  are  fitted  with  metal  guards  to  receive  the  wear. 
The  rings  are  made  of  wrought  iron.  The  lengths  stated  are  from  a  to 
b.  The  rings  add  from  four  and  a  half  to  six  inches.  The  whole  sur- 
face is  galvanized  or  zinked  to  prevent  rusting. 

*  The  Austrian  foot  =  1.0371  feet;  Austrian  florin =50  cents,  approximately;  and 
the  kreutzer  half  a  cent. 


CHAPTER   II. 


GERMAN  EMPIRE. 

Extent  and  arrangement  op  the  iron  and  steel  display  ;  Extent  of  the 
PRODUCTION ;  Chief  localities  ;  Rapid  growth  of  the  industry  ;  Develop- 
ment OF  STEEL-MANUFACTURE ;  CaST  STEEL  J  GRAPHIC  ILLUSTRATIONS  OF  PRODUC- 
TION J  Imports  and  exports;  Number  of   exhibitors;   Borsig's  display   op 

LARGE  BOILER-PLATE  ;  DiLLINGER  SHEET-IRON  ;  STYRUM  COMPANY  ;  IrON  SHOES  FOR 
RAILWAY-BRAKES ;   KONIGS  AND  LaURAHUTTE  J    IRON  GIRDERS  AND  COLUMNS,   BUR- 

BACH  Works  and  Phcenix  Iron- Works  ;  Iron  railway-ties,  Burbach,  Sch alten- 

BRAND,  AND  OTHERS  ;   KrUPP^S  DISPLAY  ;  DESCRIPTION  OF  THE  WORKS  AND  PRODUCTS 

SHOWN ;  The  fifty-two-ton*  ingot  of  crucible  steel  ;  Artillery  material  of 
CRUCIBLE  steel;  Buttgenbach^s  blast-furnace;  OsnabrOck  Iron  and  Steel 
Works  ;  Glbinitz  furnace  ;  Dimensions  of  furnaces  at  different  periods. 

36.  The  exhibition  of  the  iron  aDd  steel  industry  of  the  German  Em- 
pire is  magnificent  and  highly  instructive.  It  is  arranged  with  the 
other  mining  and  metallurgical  products  chiefly  in  a  special  building, 
between  the  Industry  Palace  and  the  Machinery  Hall,  while  Krupp's 
unrivaled  display  occupies  another  structure  alongside. 

37.  The  total  values  of  the  ores  raised  in  the  empire,  exclusive  of 
Elsace  and  Lothringen,  in  the  year  1870,  amounted  to  7,116,828  thalers, 
as  shown  by  the  statistics  presented  at  the  exhibition,  from  which  the 
annexed  statement  of  the  number  of  establishments,  men  employed, 
and  the  aggregate  production  in  the  year  1871,  is  compiled : 


Xnmber  of 
works. 


Nnmber  of 
men. 


Iron-ores 

Ca«t  Iron 

Wroiij^ht  and  rolled  iron 
steel 


I 


1,258 
631 
354 
216 


24,973 
39,525 
43,849 
12,892 


Production. 


OioL 

58. 550,  539 

29,  942, 264 

17,  437, 766 

3,  399, 027 


Value. 


ThaUr. 

7,116,838 

49, 251,  650 

57,  490, 264 

22, 747, 626 


38.  The  chief  seats  of  the  German  iron-industry  are  the  Silesian 
provinces,  Westphalia,  and  the  Rhenish  provinces  of  the  kingdom  of 
Prussia.  The  great  increase  of  the  development  of  this  industry  of 
late  is  shown  by  the  fact  that  the  production  of  pig-iron,  which  in  the 
year  1825  did  not  exceed  1,004,162  centners,  amounted  to  nearly 
30,000,000  centners  in  the  year  1871.  According  to  the  returns  of  the 
united  German  customs,  there  were  in  1861  469  cupola-furnaces, 
(Prussia,  310;)  207  iron- wire  works,  (Prussia,  166,  of  which  146  were  in 
the  province  of  Westphalia;)  296  steel-works,  including  steel-rolling 
and  steel- wire  works,  (Prussia,  275 ;)  982  iron  and  tin  ware  works,  in- 
cluding scythe,  chain,  anchor,  nail,  and  other  works,  with  13,336 
workmen,  (Prussia,  794;  Bavaria,  66;  WUrtemberg,  42;)  548  steel- 
ware  and  edge-tool  works,  with  3,081  workmen,  (Prussia,  460,  of  which 
427  were  in  the  Bhine  provinces;)  421  iron-railing  works,  heating  and 
cooking  apparatus  works,  with  12,077  workmen,  (Prussia,  242;  Sax- 
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ony,  43 ;)   60  manufactories  of  arms,  with  4,188  workmen,  (Prussia, 
35  ;)  65  nail- works,  with  3,729  workmen,  (Prussia,  34  j  Bavaria,  30.) 

39.  In  the  year  1871,  Prussia  alone  produced  5,689,944  centners  of 
cast-iron  ware  in  492  works,  with  24,600  workmen ;  1,840,159  centners 
of  sheet-iron  in  59  works,  with  4,536  workmen ;  157,443  centners  of  tin- 
plate  in  6  establishments,  with  826  workmen  ;  1,091,042  centners  of  iron 
wire  in  43  works,  with  3,185  workmen ;  3,664,064  centners  of  steel  in 
78  establishments,  with  15,290  workmen,  of  which  2,963,313  were  cast 
steel  in  34  works,  with  13,656  workmen. 

40.  The  development  of  the  Prussian  steel-industry  is  extremely  inter- 
esting. In  the  year  1825,  the  production  did  not  exceed  62,065  centners. 
In  1832,  a  small  quantity,  94  centners,  of  cast  steel  was  made,  but  the 
quantity  of  st/eel  increased  rapidly  to  723,297  centners  in  1862,  including 
274,662  centners  of  cast  steel.  Upon  the  general  introduction  of  the 
Bessemer  process  in  1863, 579,508  centners  of  cast  steel  were  made,  while 
the  total  steel-product  rose  to  952,767  centners.  The  percentage  of 
cast  steel  in  the  total  manufacture  amounted  in  the  year  1832  to  less 
than  6  per  cent.,  in  1850  14  per  cent.,  in  1855  to  about  29  per  cent.,  1862, 
about  38  per  cent.,  in  1863,  nearly  60  per  cent.,  and  in  1871  to  about  71 

per  cent. 

Prussian  ores. 


Bog  iron-ore 

Brown  hematite 

Spathic  carbonate. . 

Clay  ironstone 

Black  band 

Hematite 

Magnetic  iron-ore . . 
Llmonite,  (bohners) 
Specular  iron-ore. . . 


Total 


187a 


Tons. 

25,685 

1, 574. 657 

743,900 

55,396 
233,467 
698. 148 

10, 415 

333.986 

353 


1873. 


Ton». 

89,013 

1, 651, 550 

771,465 

26,767 

375,430 

657,  IMI 

9,377 

340, 693 


3,555,005  I    3,671,364 


Increase. 


TOJM. 


88,639 


40,967 
1,138 

"  353 


Decrease. 


Ttm». 
3,337 

86,893 
S8.5e5 


51,953 


16,706 


116,350 


41.  The  above  table  shows  the  nature  of  the  ores  and  the  quantity 
raised  in  Prussia,  during  the  years  1872  and  1873,  with  the  increase  and 
decrease.  The  total  product  of  iron-ores  during  the  year  1874  is  given 
at  2,090,133  metrical  tons,  valued  at  about  £893,461,  a  diminution  of  no 
less  than  1,464,872  tons  in  quantity,  (£776,384  in  value,)  as  compared 
with  the  production  in  1873. 

The  following  data  show  the  production,  estimated  value,  and  number 
of  hands  employed  in  the  different  government  iron-works  in  Prussia 
in  1874 : 


Iron-ores 

Pig-iron 

Iron  castings 

Parts  of  machines 
Steel  articles 


Production  in  centners. 


1874. 


1, 303, 384 

368. 376 

173,086 

39.538 

1.174 


1873. 


3, 386,  315 

334.  974 

336,994 

41, 3.'>0 

890 


Valae  in  thaler. 


1874. 


187,049 
57%  313 
703, 330 
348,935 
19, 344 


1873. 


410, 153 

760,651 

1,138,745 

430,169 

15,789 


Workmen. 


1874. 


531 
373 
796 
366 
16 


1873. 


818 
367 
987 
303 
17 
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42.  The  rapid  increase  ia  the  prodaction  of  iron  and  steel  for  the  last 
forty  years  is  well  illastrated  by  a  series  of  graphic  charts  on  a  large 
scale  hang  upon  the  walls  of  the  entrance  to  the  Q^rman  building  for 
mining  industry.  These  charts  show  in  colors  the  relative  product  of 
each  year  from  1837  to  1871  in  millions  of  kilograms. 

MiUlons       - 
of  kilograms.  — 


1000  '^ 


f    I    I    I    fl    1    I    Tl-Yl    T-l  T-l    1     t    t    t    1    f   TT-1.1    Kt     i  l.ft 
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Fig.  47. — Prodaction  of  pig-iron,  Pmssia,  1837  to  1871. 

The  chart  for  pig-iron  shows  a  gradual  increase  through  each  decade, 
but  the  chart  of  steel-production  shows  a  very  rapid  augmentation  of 
product  since  1860. 
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Fig.  48.— Production  of  steel,  Prussia,  1837  to  1871. 


58 


VIENNA   INTERNATIONAL   EXHIBITION,    1873. 


Each  of  these  diagrams  shows  a  very  considerable  flactaation  of  pro- 
daction  from  year  to  year,  bat,  on  the  average,  a  constant  increase, 
highly  encouraging  to  the  inda^try  of  iron. 
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Fig.  49.— Production  of  bar-iron,  Prnesia,  1837  to  1871. 
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43.  The  GerinaD  tra(\e  iu  iron  and  steel,  and  manufactares  from  them, 
is  very  considerable,  as  shown  by  the  easterns  returns  for  the  year  1871, 
giving,  as  below,  the  imports  and  the  Sports: 


Imported. 

Exported. 

Otot 

Ou)t. 

11. 849, 410 

4, 137, 844 

1, 418, 809 

1,212,885 

2,017,511 

2,553,908 

93,731 

161,  349 

36,360 

161, 127 

765,  981 

1.225,188 

138,011 

119,  432 

437,505 

496,231 

597,840 

323,557 

70. 105 

58.289 

12,160 

22,558 

76,134 

22,477 

5, 664, 747 

6, 357. 001 

Plg4ron 

Wrought  iron 

Bailroad-iron 

Steel 

Iron  and  steel  wire 

Heavy  wroa^ht-iron  and  steel  objects 

Wroaght-iron  pipe 

Heavy  oastings 

Sheet-iron  and  steel- plate 

Tin-plate 

Pine  iron  ware 

Nails,  needles,  steel  pens,  &o 

Total 


44  The  number  of  exhibitors  in  Group  1  alone  is  not  less  than  one 
hundred  and  seventy-two,  most  of  them  being  iron  and  steel  works  of 
considerable  magnitude,  but  this  number  includes  also  exhibits  of  coal, 
copper,  lead,  zinc,  &c.  There  are,  besides,  in  the  section  of  Group  YII 
(Metal  Industry)  devott^d  to  manufactures  of  iron  and  steel  no  less  than 
two  hundred  and  fifty  exhibitors,  but  these  include  many  manufactures 
not  ordinarily  classed  with  iron  and  steel  products. 

Only  a  few  of  the  more  prominent  exhibits,  in  regard  to  which  notes 
were  made,  can  here  be  noticed. 

45.  A.  BoBSiG,  Uppeb  Silesia.— This  firm,  with  large  establish- 
ments in  Silesia,  and  also  near  Berlin,  makes  a  fine  display  of  cast-steel 
ingots,  sections  of  girders,  piston  heads,  boxes,  and  various  parts  of 
machinery.  There  are  some  large  and  well-forged  cranks  and  connect- 
ing-rods, large  boiler  heads  and  plates,  in  cast  steel,  one  weighing  480 
kUograms ;  another  5,300  by  1,500  by  13  millimeters,  weighing  950  kilo- 
grams. Among  the  large  boiler-plates,  (presumably  of  iron,)  two  may 
be  cited  for  their  great  size  and  perfection.  The  first,  6,400  by  2,200  by 
6  millimeters,  weight  550  kilograms ;  the  second,  8,000  by  2,100  by  13 
millimeters,  weighing  1,700  kilograms.  Two  sheets  of  locomotive-boiler 
plate,  respectively,  7,400  by  1,010  by  30  millimeters,  weight  967.5  kilo- 
grams, 7,500  by  1,170  by  40  millimeters,  weight  2,730  kilograms,  received 
the  Progress  Medal.  The  central  portion  of  this  fine  display  consists 
of  a  glass  case  containing  the  smaller  objects  surmounted  by  a  stack 
of  ore.  There  is  a  monumental  pyramid  of  coal,  with  a  bust  of  Borsig  (?) 
at  the  top.    Progress  Medal. 

These  works  were  established  in  1863.  There  are  now  (1873)  4 
blast-furnaces,  40  puddling-oveus,  21  heating-ovens,  3  annealing-ovens, 
3  steel  melting-ovens,  and  2  heating-ovens.  They  produced  in  1872,  with 
1,542  workmen,  400,000  hundred-weight  of  pigiron,  26,000  hundred- 
weight castings  for  the  use  of  the  works,  300,000  hundred-weight  of 
rolled  iron,  26,600  hundred-weight  steel  for  the  German  market.  Open- 
hearth  steel  by  Martin's  process  is  a  specialty  of  these  works. 


60  VIENNA   INTERNATIONAL   EXHIBITION,  ISn 

46.  DiLLiNGEB  Company. — The  Dillinger  S,tock  Company  makes  a 
fine  display  of  rolled  plates,  of  large  size  and  of  all  thicknesses,  manufac- 
tured of  superior  charcoal-iron.  *l?he8e  sheets  of  iron  comprise  reservoir- 
iron,  bridge-sheets,  locomotive-boiler  plate,  and  ordinary  sheet-iron  and 
tin-plate.  One  sheet  of  reservoir-iron  weighs  2,130  pounds,  and  measures 
6,500  by  1,900  by  11  millimeters ;  a  bridge-plate  measures  150,000  by  1,000 
by  9  millimeters,  and  weighs  2,100  pounds.  A  locomotive-plate  4,100  by 
1,900  by  19  millimeters.  Button-iron  is  shown  in  sheets  456  by  305  by  0-26 
millimeters.  Some  of  the  sheet-iron  is  so  thin  that  38^  sheets  are  re- 
quired to  make  a  thickness  equal  to  one  millimeter.  Buckled  plates 
and  corrugated  iron  are  shown  in  great  variety,  and  apparently  of  an 
usually  good  quality. 

This  establishment  was  founded  in  1763.  In  1872  the  production  was 
about  400,000  hundred-weight  of  sheet-iron,  including  the  tinned  and 
zinked  iron.    About  2,000  men  are  employed. 

47.  Styeum  Company,  Obeehausen. — The  stock  company  at  Sty- 
rum,  inOberhausen,  Bhenish  Prussia,  send  some  very  large  rectangular 
and  circular  boiler-plates,  with  bar  and  angle  iron  of  all  forms.  One 
boiler-plate  measures  3,770  by  2,305  by  13  millimeters,  and  weighs  1,025 
kilograms.  The  circular  boiler-head  is  2,550  millimeters  in  diameter 
and  15  millimeters  thick,  and  weighs  625  kilograms. 

These  works  were  established  in  1857.  In  1872  the  production,  with 
650  workmen,  was  about  300,000  hundred-weight.  There  are  40  pud- 
dling-ovens,  20  heating-ovens,  and  II  rolls. 

48.  lEON  SHOES  FOE  EAiLWAY-BEAKES.— The  brothers  Glockner,  of 
Tschimdorf,  near  Halban,  in  Silesia,  send  a  variety  of  forms  and  sizes 
of  brake-irons  for  the  use  of  railways.  They  have  agents  in  England, 
Eussia,  Bavaria,  Austria,  and  Hungary.  This  concern  makes  a  specialty 
of  steel  castings,  and  produced  in  1872  7,000  hundred- weight  with  95 
workmen  and  two  cupola-furnaces. 

49.  United  KoNias  and  LaueahIJtte. — ^The  furnaces  and  rolling- 
mills  of  this  company  were  represented  by  a  conspicuous  stack  of  bar- 
iron,  rails,  rods,  and  sheet-iron  tastefully  arranged  upon  a  pedestal  sur- 
mounted with  an  iron  crown,  and  bound  around  with  a  sheet-iron  band, 
tied  in  a  bow-knot.  This  was  placed  in  the  rotunda.  The  bars  and 
rods  were  variously  twisted  and  tied  into  knots  to  show  their  toughness 
and  strength. 

There  are  7  blast-furnaces  at  Konigshutte,  and  a  rolling-mill,  be- 
sides works  for  Bessemer  steel.  At  Laurahutte  there  are  eight  furnaces, 
six  of  which  produced  35,000  tons  of  pig-iron  in  1872. 

lEON-WIEE  INDUSTEY  IN  VTESTPHALIA. 

50.  The  Westphalian  Union  Joint-Stock  Company  in  Hamm,  on  the 
Lippe,  {Westfalische  Union  Actien-Oesellschaft  fiir  Bergbauy  Uisenj  und 
Draht-Industrie^)  is  a  recent  incorporation  representing  several  distinct 
establishments,  which,  as  united,  is  claimed  to  be  the  largest  undertak- 
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ing  in  the  world  for  the  manufactare  of  iron  and  steel  wire.  Over  2,800 
men  are  employed,  and  the  total  annaal  production  of  manufactured 
ware,  exclusive  of  pig-iron,  is  about  84,000,000  pounds,  and  is  in- 
creasing. 

Until  recently  this*  great  industry  was  in  the  hands  of  a  few  private 
firms.  The  chief  market  for  their  production  was  in  the  cities  of  Iser- 
lohn  and  Altena,  and  their  vicinity,  for  the  manufacture  of  needles.  A 
number  of  small  mountain-streams  supplied  the  power  for  grinding  and 
X>olishing  the  needles.  But  the  rapid  spread  of  the  electric  telegraph 
and  the  substitution  of  iron  for  copper  wire  in*  its  construction  com- 
pletely changed  the  market  and  revolutionized  the  wire-industry  of  this 
region. 

Another  very  considerable  demand  for  iron  and  st^  wire  grew  out 
of  the  use  of  wire-ropes  in  mining-operations  and  the  greatly  extended 
consumption  of  wire-nails.  Wire-nails  for  many  years  were  of  small 
size,  not  much  larger  than  carpet  tacks  or  brads,  but  now  they  are 
made  of  almost  all  dimensions,  up  to  one-quarter  of  a  meter  in  length 
and  three-quarters  of  a  centimeter  in  diameter.  They  are  largely  used 
in  building,  are  made  by  machinery,  and  are.  very  cheap.  They  have 
driven  wrought  nails,  excepting  only  horseshoe-nails,  from  the  market. 

Another  important  consumption  of  the  wire  made  in  the  works  of  the 
Westphalia  Union  is  in  the  manufacture  of  rivets,  screws,  springs,  and 
of  wire-cloth  and  lattice- work.  It  is  largely  used  also  for  wire-dbrdage 
for  ships'  rigging,  for  teledynamic  cables,  and  for  suspension-bridges. 

These  are  some  of  the  many  uses  of  wire  cited  by  the  company  in  the 
brochure  which  they  print  in  Oerman  descriptive  of  their  works  and 
production.  They  draw  attention  to  the  fact  that  the  quality  of  wire  is 
not  of  so  much  importance  in  their  estimation  in  the  manufacture  of 
nails  and  screws  as  in  the  manufacture  of  needles,  rivets,  and  wire- 
rope,  and  sometimes,  also,  of  telegraph-wire.  These  latter  require  con- 
siderable hardness  and  tensile  strength  in  the  wire.  For  the  produc- 
tion of  wire-rope,  and  also  telegraph-wire,  it  is  important  that  the  wire 
be  in  as  long  pieces  as  possible.  The  company  claims  for  its  products  a 
world-wide  reputation,  and  gives  a  statement  in  some  detail  of  their 
distribution  and  uses  in  several  countries,  irom  which  the  following  is 
condensed. 

51.  The  high  reputation  which  the  Westphalia  wire-industry  has  ob- 
tained comes  from  the  fact  that  the  different  works  have  made  the 
manufacture  of  wire  a  specialty,  and  by  long  experience  have  been 
able  to  satisfy  the  demands  of  the  needle-trade  as  regards  quality. 

The  Westphalia  wire-industry  had  also  better  opportunity  for  the 
selection  of  suitable  raw  material  than  other  localities,  and  the  works 
could  produce  blooms  directly  from  the  pig,  which  could  be  rolled  into 
wire  in  a  second  manipulation  without  the  manufacture  of  a  costly  in- 
termediate product.  The  importance  of  these  advantages  over  other 
localities,  and  the  care  exercised  in  the  manufacture,  enabled  the  West- 
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phalia  wire-industry  to  overcome  the  competition  of  the  English  and 
French.  Westphalia  telegraph-wire  is  nsed  in  varioas  sabmarine  cables ; 
stretches  over  the  great  Eassian  Empire ;  withstood  competition  with 
the  English  wire  used  by  the  English  government  in  the  East  Indies, 
for  which  tests  were  required  which  other  manufacturers  considered 
unattainable.  It  is  used  by  the  Brazilian  government ;  it  was  well 
known  in  the  Parisian  market  before  the  French  war,  and  obtained  this 
market  afterward,  and  is  used  by  the  Prussian  and  German  govern- 
ment telegraphs.  In  the  Franco-Prussian  war  of  1870-71,  the  great 
demand  for  field-telegraph  wire  was  supplied  by  the  firm  of  Cosack  & 
Co.,  now  the  Hamm  division  of  the  Union.  It  is  not  strange,  there- 
fore, that  this  wire-industry,  which  was  previously  in  the  hands  of  a 
few  firms,  drew  the  attention  of  capitalists,  and  a  joint-stock  company 
was  formed,  in  order  to  secure  more  capital  and  a  consolidation  of  in- 
terests against  competition.  Four  of  the  most  important  works  of  the 
Westphalia  wire-industry  now  united  under  this  firm  will  be  noticed  in 
succession. 

52.  Hamm  Division,  (formerly  Oosaok  &  Co.) — Annual  production, 
about  28,000,000  pounds  of  rolled  wares.  The  works  are  situated  on 
and  connected  with  three  principal  railways,  with  an  area  of  about 
thirty  acres.  The  manufactures  consist  of  the  following  chief  products: 
Bar-iron  and  rolled  wire,  drawn  wire,  especially  telegraph-wire,  wire  for 
wire-r(4)e8,  &c. ;  wire-tacks,  springs,  boiler  and  bridge  rivets,  and  car- 
riage-axles. The  plant  of  these  works  consists  of  30  puddling-fnrnaces, 
including  2  ^'Schrott  ovens,"  9  heating-ovens  with  blast,  38  steam- 
boilers,  3  steam-hammers,  1  lift-hammer,  and  6  lines  of  rolls,  2  of  which 
are  for  bloom-iron,  2  for  bar-iron,  and  2  for  rolled  wire,  besides  the  ordi- 
nary shears  and  saws.  There  are  14  driving-engines,  besides  the  neces- 
sary accessory  engines,  giving  altogether  about  450  horse-power,  with 
water-pumps,  steam-pumps,  &c.  The  rolled  wire  produced  is  for  the 
most  part  further  worked  in  2  drawing-mills  and  a  tack-shop.  In  a 
rivet-shop,  boiler  and  bridge  rivets  are  made  in  7  machines ;  6  hammers 
and  20  lathes  and  drills  serve  for  the  manufacture  of  axles.  The  estab- 
lishment possesses  1  iron-foundery  with  3  cupola-furnaces  and  1  rever- 
beratory  furnace,  1  machine-shop,  1  apparatus  for  zinking  fourteen  wires 
at  the  same  time,  1  factory  for  green  vitriol,  (sulphate  of  iron,)  1  factory 
for  fire-brick,  and  4  limekilns. 

53.  Naohbodt  division,  (formerly  Ed.  Schmidt.) — ^This  has  an  area 
of  about  150  acres  and  railway  connection  with  the  ^^Bergisch-Markisch" 
Bailroad,  with  a  solid  bridge  over  the  Linne.  Annual  production,  about 
24,000,000  pounds  of  finished  goods.  These  works  have  the  advantage 
of  a  very  important  water-power  of  the  Linne  at  their  disposal,  and,  in- 
deed, the  works  are  run  by  the  following :  1  water-wheel  of  100  horse- 
power, 1  water-wheel  of  60  horse-power,  1  Eochlin  turbine  of  135 
horse-power,  1  second  turbine  of  100  horse-power,  1  third  turbine,  for 
running  the  drawing-shop,  of  10  horse-power,  making  a  total  of  405 
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horse-power.  Such  an  available  water-power  represents  a  considerable 
capital  in  comparison  with  the  cost  of  steam-engines  and  boilers,  with 
expenses  for  repairs,  and  the  consamption  of  coal.  These  works  were, 
therefore,  in  a  sitaation,  being  alongside  the  rolling-mill,  which,  by  the 
waste  heat,  afforded  enough  steam  for  the  finishing  of  the  product,  to 
take  up  some  manufacture  which  required  greater  power  than  the  heat 
from  the  gas-furnaces  produced,  as  is  the  case  with  the  manufacture  of 
thin  plate.  Although  the  manufacture  of  rolled  wire  is  the  most  impor- 
tant, these  works  also  produce  a  considerable  quantity  of  tin-plate  as 
well  as  sheet-iron,  button-plate,  and  brass-plate.  The  plant  consists  of 
21  puddling-furnaces,  7  heating-ovens,  22  steam-boilers,  3  steam-ham- 
mers, 6  steam-engines*  3  bar  and  bloom  rolls,  2  refined  iron  lines  of  rolls, 
1  wire  line  of  rolls,  4  pairs  of  plate-rolls  for  tinned  plate,  sheet-iron,  and 
button-plate,  and  also  2  pairs  of  rolls  for  brass-plate.  The  manufacture 
of  rivets,  nuts,  and  screws  is  considerable,  and  during  the  last  working 
year  reached  about  two  and  one-third  million  pounds,  which  yielded  a 
very  good  profit.  The  works  possess  a  foundery,  draw-shop,  blacksmith- 
shop,  repair-shop,  and  all  the  necessary  accessories.  There  are  also  in 
process  of  building,  4  puddling-furnaces  for  utilizing  fine  wire  and  plate- 
waste,  1  bloom-roll,  and  1  steam-hammer. 

54.  LIPPSTADT  Division,  (formerly  A.  &  Th.  Linhoff.)— Annual  pro- 
duction, about  13,000,000  pounds  of  finished  goods.  The  puddling  and 
rolling  mill  at  Lippstadt  produces  chiefly  wire  and  wire  fabrics,  and  also 
merchant  iron.  The  works  are  connected  with  the  Westphalia  Railway, 
and  possess  about  twenty-eight  acres  of  territory  in  the  immediate  neigh- 
borhood of  the  station.  The  puddling  and  rolling  mill  contains  12  pud- 
dling-fiimaces  and  3  heating-ovens,  each  oven  being  provided  with  a 
boiler.  The  works  have  3  sets  of  rolls  and  1  bloom-roll,  1  bar-roll,  and  1 
quick  roll  for  wire ;  2  steam-hammers,  and  2  small  lift-hammers  for  the 
manufacture  of  beaten  iron;  finally,  1  drawing-mill,  with  12  large-sized 
and  68  medium  and  fine  sized  rolls.  The  drawing-mill  and  tack-factory  at 
Belecke,  belonging  to  Messrs.  Linhoff,  have  also  been  added  to  the  prop- 
erty of  the  company.  This  has  an  area  of  about  forty  acres,  besides  water 
and  steam  power.  The  factory  contains  46  wire-tack  machines,  16  large- 
size  rolls,  8  fine  size,  and  8  medium  size  in  process  of  erection.  All  the 
shops  possess  the  necessary  repair-shops,  with  lathes,  drills,  planing 
machines,  &c.  The  charcoal-furnace  at  Bericherhiltte,  in  Furstenthurm, 
Waldeck,  also  belongs  to  the  Linhoff  Works.  This  furnace  has  a  daily 
production  of  about  40  centners  of  the  best  charcoal-iron,  of  unusual 
strength,  which  is  especially  suited  for  piano- wire  and  scraper- wire,  but 
is  employed  mostly  for  hard  castings,  parts  of  rolling-machines,  square 
and  corrugated  rolls,  puddling-fnrnace  canals,  crucibles,  &c.  This  fur- 
nace has  the  right  of  pre-emption  for  charcoal  in  the  FUrstenthurm, 
Waldeck,  and  possesses  57  shares  (out  of  128)  in  a  mining  concession  of 
621,750  square  '^achter"  (fathoms)  of  a  very  valuable  iron-ore.  A  rail- 
way now  built  is  intended  to  bring  the  mine  into  communication  with 
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the  station  Bredlar.    This  railway  is  condacted  by  the  mine-owners,  and 
was  to  begin  operation  in  July,  1873. 

55.  Webdohl  Division,  (formerly  Fbiedbioh  ThobnAb.)— Annual 
production,  about  19,000,000  pounds  of  manufactured  products,  such  as 
rolled  wire,  drawn  wire,  and  springs.    To  this  division  belong : 

a.  The  puddling  and  rolling  miU  in  Werdohly  with  14,000,000  pounds' 
production,  situated  immediately  by  the  station,  and  connected  by  a 
side-track  with  the '^Bergisch-Markisch"  Railway.  These  works  have 
16  puddling-furnaces,  3  heating-ovens,  16  steam-boilers,  2  bloom-ham- 
mers, 1  bloom-roll,  2  wire-rolls,  and  a  repair-shop  with  roll-drawing 
apparatus. 

b.  The  works  in  Ueiterlingsen^  (wire-drawing  mill.) — These  are  situated 
on  the  Linne,  a  quarter  of  a  mile  from  the  station  Werdohl,  and  have 
a  water-privilege  of  about  250  horse-power  and  1  steam-engine,  driving 
48  large-size,  22  medium-size,  and  130  band  and  scraper  rolls.  There 
are  also  machines  for  drawing  spring-wire.  There  are  about  2,500,000 
pounds  of  products. 

0.  The  puddling  and  rolling  mill  at  Einsal,  with  about  5,000,000 
pounds'  production,  situated  half  a  mile  from  the  station  Altena. 
These  works  have  about  the  same  water-power  as  those  at  Uetterling- 
sen,  with  5  puddling-furnaces,  1  heating-oven,  1  lift-hammer,  1  bloom- 
roll,  and  1  wire-roll. 

IBON  GIBDEBS  AND  COLUMNS. 

56. — The  finest  display  of  rolled  girders  and  angle-iron  of  large  sizes 
is  made. by  the  Burbach  Furnace  Company,  {Lnxeniburger  Bergwerks 
und  Sa^rbrUcker  Eisenhiltten-Actien-Oesellscha/t  zu  Burbach^)  which  sends 
a  variety  of  girders  of  full  length,  and  elegantly  supported  upon  a  pyra- 
midal iron  frame,  sustained  by  a  special  stone  foundation  independent 
of  the  fioor  of  the  building.  The  girders  rest  upon  ornamental  brack- 
ets, in  the  form  of  lions'  heads.    The  following  sizes  of  girders  are  noted  : 

18,000x355x142x13  millimeters. 
18,000  X  262  X  96  X  9  millimeters. 
18,000 X 200 X 100 X  9  millimeters. 
18,000xl25x  75x  6  millimeters. 

1  16,500 X  400  X 140  X 10  millimeters. 

X  16,500x250x140x10  millimeters. 

J,  16,500x200    120X  8  millimeters. 

3  16,500  X 153  X  58  x  7  millimeters. 

The  same  establishment  sends  several  hollow  wrought-iron  columns, 
composite,  made  by  riveting  together  flanged  plates  of  the  proper  form ; 
ill  short,  the  well-known  American  PhoBnix  wrought-iron  column,  in- 
vented and  patented  by  Samuel  J.  Reeves,  president  of  the  Phoenix 
Iron  Company,  June  17,  1862.*    The  specimens  here  shown  are  highly 
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creditable  to  the  works,  being  of  large  size  and  well  made.  The  largest 
(a)  is  sqaare  in  section,  and  12  inches  internal  diameter ;  another  (b)  is 
the  same  in  form,  bat  smaller  and  longer ;  and  a  third  (c)  is  simply  a 
flanged  girder  X.    The  exact  dimensions  are  below : 

a.  19,200x280  x86xl8  millimeters. 

h.  20,000xl63ix70xl3  millimeters. 

c.  26,000x157  x96xl2  millimeters. 

A  long  round  column  of  similar  construction,  and  very  perfect,  and 
remarkable  also,  as  all  such  colnmns  are,  for  rigidity,  lightness,  and 
strength,  is  shown  in  the  Belgian  section. 

Columns  of  this  construction  and  of  greater  dimensions  than  these 
are  no  novelty  in  the  United  States,  for  the  Phoenix  Iron- Works  make  a 
great  variety  of  sizes  and  forms,  and  can  fill  orders  on  demand  for 
columns  100  feet  long,  and  from  3  inches  to  3  feet  in  diameter,  composed 
of  segmental  pieces,  varying  from  i  of  an  inch  to  2  inches  in  thickness. 

For  more  than  ten  years  this  description  of  column,  or  post,  has  been 
largely  manufactured  at  the  Phoenix  Iron- Works,  and  many  thousand 
tons  of  them  have  gone  into  the  construction  of  wrought-iron  bridges, 
viaducts,  depots,  warehouses,  and  other  structures  in  various  parts  of 
the  United  States,  Canada,  Kova  Scotia,  and  in  South  and  Central 
America.  All  the  top  chords  and  posts  of  the  trusses  in  the  interna- 
tional bridge  over  the  Niagara  Eiver,  near  Buffalo,  are  made  of  Phoenix 
columns.  The  same  can  be  said  of  the  intercolonial  and  all  the  new 
bridges  on  the  Oraud  Trunk  Eailway  in  Canada,  the  Augusta  bridge,  in 
Maine,  the  Girard  Avenue  bridge,  over  the  Schuylkill,  the  New  River  and 
Greenbrier  bridges,  in  Virginia,  the  three  wrought-iron  bridges  at 
Eock  Island,  111.,  and  scores  of  others.  Many  important  viaducts  are 
composed  almost  entirely  of  those  columns,  as  the  Lyman  and  Eapallo 
viaducts  in  Connecticut;  the  Lyon  Brook,  Deep  Gorge,  and  Block- 
house, in  New  York ;  Bullock  Eun  and  Bank  Lick,  in  Kentucky;  the 
Agua  Venagas,  in  Peru.  Many  of  these  structures  are  of  great  length  and 
depth,  the  last-mentioned  being  580  feet  long,  and  crossing  a  gorges  252  feet 
deep,  over  which  the  Lima  and  Arroya  Eailroad  is  carried.  The  over- 
head Greenwich  Street  Eailway,  in  New  York  City,  rests  on  a  continu- 
ous line  of  these  columns,  though  not  by  any  means  a  good  type,  owing 
to  their  flaring  tops  and  bottoms,  made  to  suit  the  peculiar  notions  of 
the  contractor  of  the  railway. 

57.  The  BuRBACH  Works  were  established  in  1816,  with  four  high 
furnaces.  In  1872  there  were  about  1,550  workmen,  and  the  produc- 
tion was  over  1,000,000  hundred-weight  of  pig-iron,  418,000  hundred- 
weight rails,  and  422,000  hundred-weight  of  shape-iron.  Since  1867 
the  daily  product  of  the  furnaces  has  increased  from  100  to  350  hun- 
dred-weight. Double-T  girders  are  the  specialty  of  the  works.  They 
also  manufacture  and  exhibit  wrought  hoops,  flanged  inward,  for  lining 
circular  mining-shafts.  Some  of  these  are  from  10  to  12  feet  in  diam- 
eter, and  5  feet  high.  One  hoop  or  ring  is  designed  to  set  upon  another, 
and  in  this  way  a  high  column  may  be  built  up. 
5l 
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IRON  RAILWAY- TIES. 

The  Barbach  Cofni>aD3'^  also  make  an  ioterestiDg  exhibitioD  of  the 
different  forms  of  iron  they  are  manufacturing  for  ^^  permanent  way  ^ 
for  railroads  by  substituting  iron  for  wooden  ties.  As  this  method,  if 
extensively  adopted,  will  lead  to  a  greatly-increased  demand  for  iron,  it 
is  specially  interesting  to  iron-manufactures,  as  well  as  to  railroad  men, 
and  merits  a  special  notice.  The  simplest  form  is  a  cross-tie,  rolled 
with  a  raised  center  and  broad  danges,  so  as  to  have  a  firm  bearing  on 
the  ground. 


Fig.  50. — Iron  railway-tie. 

They  are  about  a  foot  in  width  and  half  an  inch  thick,  and  appear  to 
be  intended  to  be  firmly  bedded  in  the  earth  without  any  special  kind 
of  filling.    The  rails  with  a  suitable  chair  are  bolted  to  the  top. 

Another  form  of  '^  permanent  way  "  consists  in  placing  the  iron  sleep- 
ers on  ties  longitudinally  under  the  rails^  not  across  the  track,  but 
with  it,  in  lengths  of  about  twenty  feet  each,  the  parallelism  and  the 
uniform  distance  of  the  rails  being  maintained  by  tie-rods  at  intervals. 
The  form  of  this  iron  bed-plate  differs  from  the  simple  cross-tie  above 
mentioned.    It  is  wider,  and  is  provided  with  sharp  flanges  projecting 
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^FiG.,51.— Cro88-Beclion  of  iron  tie. 

downward  so  as  to  penetrate  the  ground  and  hold  it  securely  against 
side-thrusts.  The  breadth  is  300  millimeters;  depth,  60  millimeters 
from  the  top  to  the  edge  of  the  flange,  equivalent  to  about  12  inches 
wide  and  d  inches  deep. 

58.  Schaltenbrand's  iron  CROSS-TIE. — ^C.  Schaltenbrand,  of  Ber- 
lin, exhibits  his  proposed  iron  railway-tie,  a  hollow  sleeper,  filled  in 
with  sand  or  concrete,  and  to  which  the  rail  is  attached  by  bolts.  As 
early  as  1870  Schaltenbrand  described  his  method  of  making  a  railway 
entirely  of  iron,  in  a  lecture  at  Cologne,  and  endeavored  to  prove  that 
the  wooden  ties  so  universally  used  in  railway-construction  can  be  re- 
placed by  iron  ties  with  profit.  He  stated  eleven  conditions  essential 
to  first-class  construction  which  are  realized  in  sleepers  made  wholly  of 
wrought  iron.  He  then  thought,  and  still  thinks,  that  iron  ties  are  des- 
tined to  replace  wooden  ones  at  no  distant  day,  particularly  where  wood 
is  growing  scarce  and  dear  and  iron  more  abundant  and  cheaper.  The 
relative  economy  can  be  easilyjascertained  by  trial  of  the  iron  ties  along- 
side of  the  ordinary  wooden  ones. 


RAILWAY  TIES. 


The  ties,  as  exhibited,  consist  of  plate-iron  rolied  or  bent  into  the 
form  indicated  by  the  cross-section  annexed,  with  a  bottom-plate  bent 
npward  at  the  edges  bo  as  to  catch  and  hold  the  edges  of  the  upper  plnt«. 


Fia.  53.— Section  of  iron  ntilway-tie. 

A  flat  piece  of  iron  is  rolled  or  welded  npon  the  top,  and  the  rail  resta 
npoo  this.  The  method  of  attaching  the  rail  is  in  this  instance  by 
clamps  pressed  flnnly  npoo  the  foot  of  the  rail  on  each  side  by  bolts,  as 
shown  in  the  cross-section  of  the  rail  appended,  bat  this  is  nnimportaut, 
as  other  methods  of  secaring  the  rail  to  the  tie  may  be  adopted. 


Fig.  54. — Croes-section  of  tbe  foot  of  rail  and  the  clamps. 

The  total  breadth  of  the  tie  is  about  10  inches ;  the  height  to  the 
bottom  of  the  rail  5  inches,  and  tbe  thiclmess  of  the  iron  plate  three- 
sixteenths  of  an  inch  at  tbe  sides  and  a  tride  thicker  at  the  top.  The 
dimensions  in  millimeters  are:  breadth,  140  millimetere;  height,  120 
millimeters  +  10  millimeters;  thickness,  4  millimeters  and  6  millime- 
ter. The  extreme  length  of  the  tie  is  2,500  millimeters  and  the  width 
of  track  1,435  millimeters. 

The  tie  is  laid  down  before  being  filled  in.  The  inventor  proposes  for 
filling  either  sand,  loam,  or  sand  into  which  small  stones  are  crowded  to 
make  the  filling  firmer,  or  beton.  These  materials  are  to  he  rammed  in 
from  the  ends,  and  the  openings  are  closed  finally  by  a  tile  of  the  proper 
form.  It  is  also  suggested  that  tiles  or  "  shape-bricks"  may  be  made 
to  answer  for  the  filling. 
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The  bearing-sarface  or  foaudation  of  this  tie  is  25  x  .25  =  .G25  square 
meter.  Timber  ties,  it  is  observed  by  Schaltenbrand,  in  making  the 
comparison  between  iron  and  wood,  often  measure  only  2.6  x  .2  =.5 
square  meter;  so  that  the  iron  tie  of  the  dimensions  given  maybe 
assumed  to  have  as  broad  a  bearing  upon  the  ground  as  the  average 
wooden  tie  of  Europe. 

Before  being  laid,  these  ties  are  plunged  into  a  bath  of  purified  coal- 
tar,  in  order  to  fill  the  pores  and  prevent  oxidation.  The  strength  of 
the  tie  is  increased  by  shrinking  on  the  lower  plate,  by  which  the  two 
parts  become  as  one.  The  inventor  states  the  strength  of  the  tie  at 
the  weakest  part,  where  pierced  by  the  holes  for  the  rail-bolts,  at  50,400 
centimeter-kilograms,  and  of  the  upper  portion  by  itself  at  32.200  cen- 
timeter-kilograms, while  wooden  ties,  after  five  years'  use,  have  only 
15,000  centimeter-kilograms,  and  that  half  of  the  upper  part  of  an  iron 
tie  may  be  rusted  away  and  yet  it  will  be  as  strong  as  such  a  wooden 
tie.  He  affirms  that  the  sleeper  itself  is  stronger  than  timber,  and 
that,  being  uniform  in  size,  the  spaces  are  more  even,  and  that  the  rail 
is  more  securely  and  conveniently  attached  than  it  can  be  upon  wood. 
He  claims  that  the  iron  ties,  being  heavier,  and  having  greater  bear- 
ing-surfaces, are  not  as  easily  displaced  by  moving  trains  as  timbers, 
and  that  rails  may  be  taken  up  and  reset  quicker  and  cheaper  than  when 
attached  to  timber  ties.  When  the  bed  of  the  road  is  once  packed, 
the  sleeper  can  remain  in  its  place  as  long  as  it  lasts,  as  no  jarring 
takes  place.  Irregularities  in  the  level  of  the  rails  are  easily  corrected 
by  putting  little  iron  wedges  under  the  rail  upon  the  sleeper.  After  a 
short  time  there  will  not  be  any  expense  in  packing  the  sand  around  the 
ties,  and  then  their  great  durability  will  make  all  amends  for  the  dif- 
ference in  cost  over  timber.  The  rusting  iron  with  the  surrounding 
bed-material  and  the  inner  filling-material  will  finally  form  a  compact 
ferruginous  mass,  so.that  it  will  lie  very  firmly  as  long  as  it  lasts. 

The  weight  of  the  materials  is  as  follows : 

Kilograms. 

a.  The  upper  part,  cross  section,  10,116  square  centimeters, 

weight .* 31.30 

h.  The   lower  part,  crosssection,  8,400  square  centimeters, 

weight 16 .34 

e,  2  bed-plates,  per  piece,  .63  kilogram 1 .26 

d.  4  clamp-plates,  per  piece,  .18  kilogram .72 

e,  4  screws,  per  piece,  .17  kilogram .68 

/.  1  connecting-link,  .03  kilogram , .03 

50.33 

Or  about  50  kilograms,  say  100  pounds.  The  cost  of  one  tie  now  is 
about  7^  thaler,  but  when  iron  is  lower  the  same  weight  of  tie  would 
not  exceed  5  thaler.  In  comparison,  oak  ties,  with  four  spikes,  are  reck- 
oned at  3  thaler. 
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KRUPP'S  DISPLAY. 

59.  The  celebrated  establishment  of  Kmpp  at  Essen, Ehenish  Prnssia, 
fully  sustains  the  prestige  it  has  earned  by  its  liberal  participation  in 
former  exhibitions.  In  the  magnitude,  completeness,  and  excellence  of 
the  exhibition  here  made  it  shows  that  the  spirit  of  enterprise  which 
has  characterized  it  in  the  past  has  kept  pace  with  the  rapidly-expand- 
ing proportions  of  the  industry  of  iron  and  steel,  and  that  the  magni- 
tude of  its  operations  has  been  correspondingly  increased.  He  makes 
a  princely  exhibition  in  a  large  building  constructed  at  his  own  expense, 
in  which  the  various  costly  objects  are  tastefully  grouped,  and  so  ar- 
ranged that  the  visitor  can  have  a  general  view  of  them  from  a  raised 
platform  at  the  entrance. 

The  following  statistical  data  concerning  the  works,  and  the  mines 
and  smelting- works  appertaining  to  them,  and  the  notices  of  the  objects 
exhibited  are  translated  from  the  brochure  printed  at  the  printing-office 
of  the  works  at  Essen  in  1873. 

The  cast-steel  manufactory  near  Essen  was  established  in  the  year 
1810.  It  was  conducted  by  Alfred  Krupp  from  the  year  1826,  and  taken 
by  him  on  his  own  account  in  1848. 

The  works  have  been  gradually  developed.  At  this  present  moment 
(January,  1873)  the  works  cover  a  continuous  area  of  more  than  4,784,- 
000  square  yards,  of  which  about  900,000  square  yards  are  covered  in, 
and  employ  more  than  12,000  workmen,  independently  of  about  2,000 
who  are  supplied  by  building-contractors. 

In  the  mines  and  smeltitig-works  belonging  to  the  firm,  there  are  em 
ployed  a  further  number  of  about  5,000  workmen.    Therefore,  the  total 
number. amounts  to  about  17,000  men. 

The  number  of  officers  and  fixed  employes  is  at  present  739. 

The  quantity  of  cast  steel  produced  in  the  year  1872  exceeded  125,000 
tons. 

The  articles  manufactured  from  this  cast  steel  were  axles,  tires, 
wheels  and  crossings  for  railways  ^  rails  and  springs  for  railways  and 
mines ;  shafts  for  steamers ;  different  pieces  of  machinery,  boiler-plates, 
rolls,  spring-steel,  tool-steel,  guns,  gun-carriages,  shot,  &c. 

There  are  now  in  operation  250  smelting-furnaces ;  390  annealing- 
furnaces;  161  heating-furnaces;  115  welding  and  puddling  furnaces; 
14  cupola  and  reverberatory  furnaces ;  160  furnaces  of  other  kinds ;  275 
coke-ovens;  264 smiths'  forges;  240  steam-boilers, (besides  70  more  now 
in  course  of  construction.) 

71  steam-hammers,  viz : 

NTumber    2     1^1^ 

(each)  cwt.  2,    3,     4,    7, 

Number       _3       4      1 

(each)  cwt.     100,  110, 140,  150,  200,  400,  1000. 


5       3      17       8 

18      2       1      6      2 

8,      10,    12,     15,     20, 

30,   60,   65,    70,   75, 
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286  steam-engines,  viz : 

Number         3    57    46    !(>    J7    6     1     4    38   4    21     16    3     22    5 


(each)  H. P.       2,    4,      «,     8,     10,  12,  13,14,16,  18,  20,   23,  25,  30,  3o, 

Number      _l_i_A__L^_L    A_J_-i_A.    J_ 
(each)  H. P.     40,  45,  60,  80, 100, 120, 150,  200,  500,  800,    1000, 

(representing  altogether  nearly  10,000  H.  P.) 

1056  machine-tools,  viz :  362  turning-lathes;  82  shaping-machines; 
195  boring-machines;  107  planing-machines;  42  punching  and  groov- 
ing machmes ;  32  pressing-machines;  63 grindingmachines;  31  glazing 
■and  polishing  machines ;  142  machines  of  different  kinds. 

In  the  year  1872  there  were  consumed : 

Coals,  500,000  tons;  coke,  125,000  tons ;  water,  113,000,000  cubic  feet, 
supplied  from  several  water- works ;  gas,  155,000,000  cubic  feet,  supplied 
by  the  gas-works  of  the  establishment  for  16,500  burners. 

The  works  are  in  railway -connection  with  the  Cologne-Mindeu, 
Bergisch-Miirkisch,  and  Rhenish  lines. 

To  facilitate  the  traffic  on  the  works  there  are — 

a.  About  twenty-four  miles  railways  of  usual  gauge,  with  180  sidings 
and  39  turn  tables,  on  which  run  12  tank-locomotives  of  about  16  inches 
cylinder-diameter,  and  530  wagons.  Six  more  locomotives  are  now  in 
course  of  construction. 

b.  About  ten  miles  of  small-gauge  railways,  of  30  inch  gauge,  with 
147  sidings  and  65  turn-tables.  The  traffic  on  these  railways  is  carried 
on  by  means  of  horses,  and  of  3  locomotives  of  6  inches  cylinder-diame- 
ter, and  270  wagons.    Four  other  locomotives  are  now  being  constructed. 

The  carriage  department  comprises,  besides,  272  wagons,  and  alto- 
gether 191  horses,  of  which  60  to  80,  are  supplied  by  contractors. 

To  facilitate  the  communication  between  the  several  workshops,  there 
are  30  telegraph-stations. 

A  permanent  fire-brigade,  consisting  of  70  men,  has  also  been  insti- 
tuted, who  perform  at  the  same  time  police-duty.  There  are  166  watch- 
men besides. 

The  general  supply  stores,  under  control  of  tlie  firm,  sell  to  voluntary 
purchasers,  (i.  e,  to  those  belonging  to  the  works,)  for  ready  cash,  pro- 
visions, clothing,  drapery,  boots,  &c.,  at  cost-prices.  The  receipts  at 
the  diflferent  stores  amount  at  present  to  aboi\t  £11,000  monthly,  and 
are  continually  increasing. 

Under  this  head  may  also  be  named  1  hotel,  3  beer-houses,  1  seltzer, 
water  manufactory,  1  flour-mill,  and  1  bakery  with  2  steam-engines, 
producing  at  an  average  85  tons  of  bread  monthly. 

Of  the  dwellings  for  the  officers  and  workmen,  there  are  for  the  former 
206,  for  the  latter  2,948,  either  inhabited  or  in  course  of  construction. 
At  the  present  moment  there  are  living  in  these  houses,  the  number  of 
which  is  being  rapidly  increased,  already  more  than  8,000  individuals. 
The  existing  boarding-houses  offer  board  and  lodging  to  2,500  unmar- 
ried workmen,  and  other  houses  of  the  same  description  are  now  being 
built  for  the  accommodation  of  1,600  more. 
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The  arraDgements  for  the  aocommodatiou  of  the  sick  consist  of  1 
hospital  coDtaining  100  beds,  and  1  epidemic  hospital  \rith  120  beds, 
all  under  the  sapervisiou  of  physicians  especially  engaged  for  the  par- 
pose. 

A  sick,  burial,  and  pension  fund  has  also  been  instituted  for  the  work- 
men, {.  e,  for  all  those  who  receive  wages  from  the  firm.  The  latter  con- 
tributes to  this  fund  half  the  amount  of  the  contributions  paid  in  by 
the  members,  being,  in  addition,  at  the  expense  of  providing  pensions 
and  support  for  those  who  have  been  rendered  unfit  for  work  in  their 
service,  and  for  the  widows  of  their  workmen.  The  total  receipts  in  the 
year  1872  amounted  to  £16,000,  the  expenditure  to  £12,500,  and  capital 
in  hand  at  the  beginning  of  the  present  year  (1873)  to  £19,348. 

From  another  fund,  members  receive  for  their  families  free  medical 
treatment  against  an  annual  payment  of  3  English  shillings. 

Finally,  the  firm  has  organized  a  chemical  laboratory,  a  photographic 
and  a  lithographic  atelier,  as  well  as  a  printing  and  book-binding  estab- 
lishment. In  the  printing-office  there  are  2  steam  and  4  hand  presses  in 
operation. 

Besides  the  cast-steel  works  near  Bssen,  the  firm  possesses  considera- 
ble mining  and  smelting  works,  which  render  the  chief  works  independ- 
ent of  fluctuations  in  prices,  and  secure  to  it  a  regular  and  uniform 
supply  of  the  best  raw  material.    This  head  comprises ; 

1.  Administration  of  Krupp's  Mines  : 

a.  Coal-pits :  1.  Pit "  Graf  Beust ;"  2.  Pit  "  Ernestine  f  3.  Pit  "  Fried- 
rich  Ernestine  f  4.  Pit  ^^  Hanover ;"  as  well  as  one-third  in  the  Con- 
cessions '^ Humboldt^  and  '<  Diergardt "  on  the  left  bank  of  the  Rhine. 

b.  Iron-ore  mines:  1.  In  the  mining-districts  "^^  Kirchen,"  '^Daaden," 
"  Siegburg,'^  "  Hamm,''  "  IS^euwied,"  together  64  mines,  (No.  1  to  64;)  2. 
In  the  mining-districts  "  Wetzlar,^  **  Weilburg,"  "  Dietz,"  "  Oberhes- 
sen,''  "  Eheinhessen,"  and  "  Dillenburg,"  together  294  mines,  (No.  65  to 
358;)  3.  In  the  mining-districts  "  Hamm  a.  d.  Sieg,"  "  Wied,"  "  Unkel," 
«  Coblenz,''  '<  Riinderoth,"  together  56  mines,  (No.  359  to  414.)  Total 
number  of  mines  414,  with  an  area  of  more  than  239,200,000 
square  yards. 

The  firm  F.  Krupp  possesses,  finally,  important  concessions  of  ex- 
cellent iron-ore  beds  in  J^^orth  Spain,  whence  it  is  intended  to  import 
annually  up  to  300,000  tons  of  ore  for  the  production  of  cast  st^.  To 
facilitate  the  importation,  a  railway  in  Spain  nearly  eight  miles  long,  as 
well  as  several  steamers,  is  already  in  course  of  construction. 

2.  The  administration  of  Krnpp^s  Smelting- Works  comprises: 

a.  The  Sayner  and  Oberhammer  Smelting- Works,  containing  two 
blast-furnaces,  one  of  them  fed  with  charcoal.  Both  of  them  pro- 
duce daily  about  twenty  tons  of  "  spiegeleisen''  and  "charcoal  spiegelei- 
sen."  An  iron-foundery  and  a  machine-manufactory*  are  connexjted  with 
the  Sayner  Works. 

b.  The  Mtilhofer  Smelting- Works  on   the  Rhine,  connected  by  a 
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branch  line  with  the  Ehenish  Eailway,  terminating  at  the  Engers  Sta- 
tion, and  containing  4  blast-farnaces  (3  of  them  the  latest  Scotch  con- 
struction) with  pneumatic  lifts.  Each  of  them  produces  daily  about  45 
tons  of  Spiegel,  Bessemer,  and  fine  iron. 

c.  The  Hermanns  Smelting- Works  on  the  Rhine,  near  Neuwied,  also 
connected  by  a  branch  line  with  the  Ehenish  Railway,  has  at  present 
only  one  blast-furnace  in  operation  ;  two  others  are,  however,  in  course 
of  construction. 

d.  The  Bendorf  Smelting- Works  with  one  blast-furnace  of  an  older 
pattern,  are  at  present  not  in  operation. 

€,  The  Johannes  Smelting- Works,  formerly  the  property  of  the  Ger- 
man-Dutch Joint-Stock  Company  for  Smelting  and  Mining,  near  Duis- 
burg  on  the  Bhine,  produce  daily,  in  four  blast-furnaces,  from  about  140 
to  160  tons.  The  construction  of  six  more  furnaces  has  been  commenced, 
and  the  works  are  in  connection  with  the  Rhenish  and  the  Bergisch- 
Markisch  Railway. 

These  works  have  also  140  coke-ovens  in  operation,  and  120  more  in 
course  of  construction. 

Krupp's  smelting-works  produce,  accordingly,  at  the  present  time, 
with  eleven  blast-furnaces,  nearly  10,000  tons  pig-iron  per  month. 

60.  Catalogue  and  description  of  the  objects  exhibited : 

(1.)  One  crucible  cast*steel  block,  (1,800  crucibles  each  containing 
about  60  pounds,)  54  inches  octagonal,  weighing  52,500^  s=  52^  tons. 

This  casting,  originally  cylindrical,  has  been  reduced  to  the  pres- 
ent octagonal  form  by  forging  under  a  50-ton  hammer  to  illustrate  the 
malleability  of  the  material.  Cuts  were  made  in  four  difterent  places, 
while  in  a  red-hot  state,  to  show,  when  broken  off  later,  the  density 
and  soundness  of  the  cast  steel.  This  block,  of  gun-metal  quality,  is 
intended  for  the  body  of  the  gun  of  37  ^"^  (14  inches)  caliber,  and  receives 
the  required  form  by  further  forging. 

In  Loudon,  1851,  the  firm  exhibited  a  crucible  cast-steel  block,  weigh- 
ing 2,250^  =s  2^  tons,  and  received  the  only  council-medal  awarded  in 
the  cast-steel  department;  in  Paris,  1855,  a  block  of  10,000^.  =  10 
tons;  in  London,  1862,  a  block  of  20,000^  =  20  tons;  in  Paris,  1867, 
a  block  of  40,000^^.  =  40  tons. 

All  articles  produced  in  the  establishment,  witji  exception  of  the  disk- 
wheels  and  crossings,  which  are  cast  in  molds,  are  forged  and  wrought 
by  tools  from  similar  more  or  less  heavy  castings  of  circular  cross-sec- 
tion. 

(2.)  One  locomotive  straight  axle  of  crucible  cast  steel,  in  the  forged 
state,  (pattern  of  the  Northeastern  Railway,  in  Switzerland.) 

(3.)  One  forged  tender-axle  of  crucible  cast  steel,  (pattern  of  the  same 
railway.)  The  body  of  this  axle  is  forged  complete  under  the  hammer, 
and  requires  no  further  workmanship. 

(4.)  Six  carriage-axles  of  crucible  cast  steel,  forged  according  to  the 
dimensions  approved  by  the  German  railways.    The  body  is,  in  the 
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same  manuer,  forged  complete  under  tbe  hammer.    Prodaction  in  1S72 
of  unmounted  axles  in  the  forged  and  finished  state,  16,450  axles. 

The  first  extensive  trials  with  Erupp's  cast-steel  axles  were  made  in 
the  year  1850,  at  Borsig's  works,  Berlin,  by  a  commission  appointed  at 
a  meeting  of  German  railway-engineers,  (pamphlet  by  Landbanmeister 
Dihm,  Berlin,  1850,  printed  by  J.  Petsch.)  Although  the  trials  were 
very  favorable,  Erupp^s  cast-steel  axles  were  not  generally  adopted  until 
the  year  1861  and  1862.  The  production  increased,  however,  rapidly, 
so  that  the  firm  supplied,  in  1865,  more  than  11,000,  while  the  supply 
during  last  year  (1872)  exceeded  16,000  axles. 

(5.)  Two  un  welded  rings  of  crucible  cast  steel,  forged  from  solid  blocks 
by  making  a  cut  in  the  middle  and  opening  them  oat  under  a  hammer. 
In  accordance  with  this  method  of  manufacture,  patented  by  the  firm 
in  1853,  the  railway-tires  receive  the  required  dimensions  and  sections 
by  rolling,  as  shown  by — 

(6.)  Two  samples  of  tires,  ready  rolled  and  complete  up  to  turning. 
Also,  one  tire  ready  turned.    Production  in  1872,  more  than  45,000  tires. 

Up  to  the  year  1853,  only  welded-iron  and  fine-grained  iron  tires  were 
manufactured.  Erupp's  establishment  was  the  first  that  introduced  the 
unwelded  cnst-steel  tires  for  use  on  railways,  and  caused  them  to  be 
generally  adopted.  Since  the'  expiration  of  the  above-named  patent, 
this  method  of  manufacture  has,  in  principle,  been  imitated  by  all  works 
manufacturing  cast-steel  tires. 

(7.)  Two  unwelded  ^ngle-rings  of  cracible  cast  steel,  for  steam-boilers, 
made  in  the  same  manner  as  the  tires. 

(8.)  Two  coupling-rods  and  two  connecting-rods,  forged  from  crucible 
cast  steel.  Pieces  of  machinery  of  this  description  are  supplied  by  the 
works  in  the  forged  state  only,  as  here  shown. 

(9.)  Four  piston-rods,  forged  from  crucible  cast  steel.  (Pattern  of 
the  Central  Railway,  in  Switzerland.) 

(10.)  Two  slide-bars  of  crucible  cast  steel,  in  the  forged  state. 

(11.)  Two  pistons,  forged  from  crucible  cast  steel.  (Pattern  of  the 
Niederschlesisch-Markisch  Bailway.) 

(12.)  One  locomotive  crank-axle  of  crucible  cast  steel,  with  single,  and 
one  with  double-bearings.    Both  axles  are  in  the  finished  state. 

Those  c^nk-axles,  which  were  supplied  to  the  French  Orleans  Bail- 
way  during  1857, 1858,  and  1859,  have,  up  to  the  present  year,  run  over 
500,000  kilometers,  (312,000  miles,)  and  are  still  in  good  working  order. 

(13.)  One  locomotive  eccentric  crank,  and  one  driving-wheel  crank, 
both  of  crucible  cast  steel,  in  the  finished  state.  These  pieces  of  ma- 
chinery are  supplied  by  the  works  in  the  rough-turned  or  finished  state. 

(14.)  One  set  of  locomotive  and  tender  axles,  pattern  for  engines  G. 
lY  of  the  Northeastern  Bailway,  in  Switzerland,  consisting  of— 

a.  One  driving-axle  of  crucible  cast  steel,  ready  fitted  with  tires, 
cranks  of  same  material,  spoke-wheels,  nave  included,  of  wrought  iron, 
and  cast-iron  counter-weights.    Weight,  2,160^  =  about  43  owt. 


74  VIENNA   INTERNATIONAL   EXHIBITION,   1873. 

b.  Two  coapliDg-axles  of  crucible  cast  steel,  ready  fitted  with  tires 
aud  crauk-pins  of  the  same  material ;  spoke- wheels,  nave  included,  of 
wrought  iron,  aud  cast-iron  counter- weights.  Weight  of  each,  1,900^  = 
about  38  cwt. 

c.  Two  tender-axles  of  crucible  oast  steel,  body  forged,  ready  fitted 
with  tires  of  same  material,  and  spoke- wheels,  nave  included,  of  wrought 
iron.    Weight  of  each,  1,200*^  =  about  24  cwt. 

Production  in  1872  of  complete  sets  of  locomotive  and  tender-axles,  475. 

(15.)  Two  carriage-axles  of  crucible  cast  steel,  body  forged,  ready 
fitted  with  tires  of  same  material,  aud  spoke-wheels,  nave  included,  of 
wrought  iron.    Weight  of  each  950^  =  about  19  cwt. 

Axles  and  tires  according  to  the  dimensions  approved  by  the  Oerman 
railways. 

Production  in  1872,  4,650  sets. 

(16.)  Two  carriage-axles  of  crucible  cast  steel,  ready  fitted  with  disk 
wheels,  cast  in  molds,  of  same  material.  Weight  of  each,  1,000^  ss 
about  20  cwt. 

Production  in  1872,  4,340  sets. 

(17.)  A  collection  of  spring-steel  fractures  and  cross-sections  of  spring- 
steel.  This  steel  is  supplied  in  bars  of  any  section  not  less  than  10"^°^ 
thick  and  65"*°*  wide. 

Production  in  1872,  3,000,000^  =  about  3,000  tons. 

(See  fractures  and  cross-sections  under  No.  26.) 

(18.)  A  collection  of  cast-steel  springs  for  locomotives,  tenders,  and 
carriages : 

a.  Two  locomotive-springs  with  ten  flat  leaves,  welded  links,  and 
bored  bolt-holes;  two  of  the  same  with  14  flat  leaves,  with  welded 
links  and  bored  bolt-holes. 

b.  Two  collision-springs  with  9  flat  leaves ;  one  with  13  ribbed  leaves. 

c.  One  tender  spring  with  9  flat  leaves. 

d.  One  passenger-carriage  spring  with  5  ribbed  leaves  and  rolled 
eyes ;  one  with  6  flat  leaves  and  rolled  eyes ;  one  with  7  flat  leaves 
and  welded  eyes. 

€»  One  luggage- wagon  spring  with  5  flat  leaves  and  rolled  eyes  ;  one 
with  6  ribbed  leaves  and  rolled  eyes;  four  with  7  ribbed  leaves  and 
rolled  eyes;  four  with  8  flat  leaves  and  rolled  eyes. 

Production  in  1872,  38,600  springs. 

(19.)  One  reversible  double  crossing  of  crucible  cast  steel,  cast  in  a 
mold  and  ready  to  be  laid  down.  (Pattern  of  the  Gologne-Minden 
railway.)  These  crossings  have  been  introduced  on  many  German  and 
transatlantic  railways. 

(20.)  Bessemer-steel  rails : 

The  manufacture  of  these  rails  is  illustrated  by  a  Bessemer  casting  from 
which  octagonal  blocks  are  forged,  as  shown  by  the  exhibited  sample. 

These  blocks  then  receive  by  rolling  the  required  form  for  rails,  as 
also  shown^  are  cut  ofi' according  to  weight,  and  rolled  to  the  prescribed 
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section;  two  rails  rolled  iu  this  inauaer,  the  ends  of  which  are  not  cat 
ofif,  are  also  exhibited ;  two  rails  ready  cut  aud  punched  according  to 
the  Oologne-Miudeo  section  V  ;  one  for  Gologne-Miuden  switches;  one 
for  Oberschlesisch  switches. 

The  annual  production  of  the  works  of  steel  rails  has  increased  from 
100  tons  to  50,000  tons  in  1872.  This  increase  is  no  doubt  the  best 
proof  of  the  favorable  results  obtained  fronoi  the  use  of  steel  rails  on 
railways,  and  it  may  be  assumed  that  these  rails  are  now  generally  in- 
troduced. 

Besides  the  manufacture  of  steel  rails  for  locomotive-railways,  the 
manufacture  of  those  of  smaller  sections,  from  11  to  22  pounds  per  3"ard, 
for  mining  purposes,  has  also  considerably  increased. 

Production  in  1872,  2,000  tons. 

Here  follows  a  collection  of  rail-fractures  of  different  kinds. 

(21.)  Two  switches  of  Bessemer  steel,  (section  of  the  Oberschlesisch 
■and  jS'iederschlesisch-Markisch  Eailways,)  ready  planed,  as  same  are 
supplied  by  the  works,  also  iu  the  finished  state. 

(22.)  One  double  crank-shaft  of  crucible  cast  steel,  forged  also  from  a 
•solid  block  and  finished,  for  a  transatlantic  steamer.  Weight,  9,01)0^; 
length,  7.6o0°>;  diameter,  0.38"*. 

(23.)  One  trunnion-hoop,  unwelded,  of  crucible  cast  steel,  in  the  forged 
state. 

(24.)  2  pressed  sides  for  field-gun  carriages,  of  cast  steel,  6"""  and  10""" 
thick. 

(25.)  Bolls  and  rolling-machines : 

The  rolls  and  rolling-machines  exhibited  illustrate  the  most  usual 
forms  and  dimensions  used  in  this  branch  of  manufactory,  one  of  the 
•oldest  of  the  establishment. 

1.  1  pair  of  rolls,  A,  65  by  40 

2.  1  pair  of  rolls,  B,  78  by. 52 

3.  1  pair  of  rolls,  C,  157  by  105 

4.  1  pair  of  adjusting-rolls,  95  by  148 

5.  1  pair  of  rolls  for  mint  purposes,  210  by  210 

6.  1  roll  for  manufacturing  percussion-caps,  61  by  72 

7.  1  pair  of  rolls,  polished,  420  by  462""". 

8.  1  pair  of  rolls,  to  be  engraved  for  rolling  spoons. 

9.  1  pair  lace-rolls,  polished. 

10.  1  rolling-machine,  A,  with  rolls  65  by  40 

11.  1  rolling-machine,  B,  with  rolls  78  by  52 

12.  1  rolling-machine,  0,  with  rolls  157  by  105 

For  goldsmiths: 

13.  1  tinsel-rolling  machine,  157  by  52 

14.  1  lace-rolling  machine,  40  by  210  to  58  by  126 
All  rolls  being  hardened,  excepting  those  for  rolling  spoons. 

(26.)  A  collection  of  fractures  of  hardened  tool-steel,  as  well  as  various 
•other  fractures  of  manufactured  articles,  such  as  axles,  tires,  crossings, 
and  disk- wheels;  mint-dies  with  polished  surface. 
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(27.)  A  series  of  various  classes  of  ore,  pig-iron,  and  pig-steel  irai>, 
from  the  mines  and  smelting- works  of  the  firm,  ased  in  the  manafactare 
of  steel. 

61.  Artillery  materiaL — The  guns  are  manafaotared  from  crucible  cast 
steel,  of  a  quality  especially  adapted  for  the  purpose,  and  are,  those  of 
the  smallest  calibers  excepted,  constructed  according  to  the  built-up 
system.    All  guns  have  Krupp's  round  wedge. 

The  naval  and  coast-gun  carriages  are  generally  manufactured  from 
wrought  iron ;  only  particular  parts,  such  as  the  axles,  axle-trees,  cylin- 
ders,  and  piston-rods  of  the  hydraulic  buffer,  and  the  slide-rollers  of  the 
coast-gun  carriages,  being  made  of  cast  steel.  Cast  iron  is  only  used  for 
small  truck-wheels. 

(28.)  30J®"*  gun  on  coast  carriage. — Caliber,  305™'";  length  of  gun, 
6.7";  length  of  bore,  5.77";  weight  of  gun  with  wedge,  36,600^;  pre- 
ponderance, 0. 

The  gun  has  72  parallel  grooves,  with  4.5""  width  of  lands,  and  a  uni- 
form twist  of  21.79"  in  length. 

Weight  of  charged  steel  shell,  296^;  weight  of  charge,  (prismatic 
powder,)  60^;  initial  velocity,  465". 

Weight  of  charged  common  shell,  257^;  weight  of  charge,  (prismatic 
powder,)  50*^;  initial  velocity,  460". 

The  carriage  is  intended  for  earth-parapets  of  1.9"  height,  and  has  a 
height  of  2.380".  To  check  the  recoil,  an  hydraulic  buffer  is  used.  The 
running-out  of  the  gun  after  discharge  is  self-acting. 

The  projectile  is  lifted  by  means  of  a  movable  crane  with  windlass, 
which  is  arranged  on  the  right-hand  side  of  the  slide,  and  brought  on 
to  the  bottom  of  the  gun. 

The  elevation  (+  17^,  —  7^)  is  taken  by  means  of  a  toothed  elevating- 
arc  on  the  upper  part  of  the  carriage.  For  training,  the  end  of  the  slide 
is  provided  with  a  chain-gear. 

By  this  apparatus  the  gun  can  be  very  easily  and  quickly  served. 

To  ruu-in  the  gun,  a  rope-windlass  may  be  placed,  if  necessary,  on 
each  side  of  the  slide  behind. 

Kilograms. 

Weight  of  carriage 5, 650 

Weight  of  slide 15, 350 

Total  weight 21,00a 

A  30J°°*  gun  of  the  foregoing  description  was  tried  in  the  month  of 
February,  1873,  in  the  presence  of  a  commission  of  Prussian  and  Austrian 
artillery  officers,  with  5  rounds  of  20^,  7  rounds  of  40^^,  6  rounds  of  50^^ 
207  rounds  of  60^,  5  rounds  of  65^ ;  charges  of  prismatic  powder,  and 
with  solid  shot  weighing  from  300  to  305^  The  gun  was  after  this^ 
trial,  with  exception  of  slight  gutterings  {Ausbrennungen)  in  the 
chamber,  perfectly  uninjured  and  ready  for  further  trials,  which  are  to- 
take  place  on  the  lately-acquired  practice  ground  of  the  establishment, 
7,000™  in  length,  as  soon  as  it  can  be  properly  prepared  for  the  purpose. 
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The  carriage  was,  at  the  end  of  the  trial,  also  uninjured,  excepting  a 
very  trifling  crushing  of  the  points  of  the  wedge-rails  on  the  girders  of 
the  slide. 

(29.)  2S«"  howitzer  on  coast-carriage. — The  gun  is  constructed  for  be- 
ing placed  in  coast-batteries.  Caliber,  280"°* ; 'length  of  gun,  3,200°*; 
length  of  bore,  2,520°*;  weight  with  wedge,  10,000^;  preponderance,  0. 

The  gun  has  72  parallel  grooves,  with  4.5™°*  width  of  lands,  and  a 
uniform  twist  of  11,2"*. 

Weight  of  charged  common  shell,  199^ ;  maximum  weight  of  charge, 
20^.    The  carriage  of  the  gun  admits  of  an  elevation  of  75o. 

The  carriage  differs  from  the  coast-gan  carriages  principally  iu  that 
the  whole  of  the  under  face  of  the  slide  lies  iu  the  platform  on  firing, 
so  as  to  extend  the  impact  of  recoil  over  a  larger  surface.  For  training, 
the  slide  is  placed  upon  rollers,  for  which  reason  the  rear  slide-trucks 
are  put  on  eccentric  axles. 

The  projectile-crane,  training-gear,  hydraulic  buflfer,  and  self-acting 
running-out  apparatus  are  the  same  as  in  the  other  coast-gun  carriages. 
The  elevating-gear  is  also  similarly  constructed. 

Weight  of  the  whole  carriage,  9,220^^ ;  height,  1,675°*. 

(30.)  Short  26«°*  ship-gun  on  battery-carriage. — Caliber, 260°*°*,-  length, 
5.2°* ;  length  of  bore,  4.420°* ;  weight  of  gun  with  wedge,  18,000^.  Pre- 
ponderance, 0. 

The  gun  has  64  parallel  grooves,  with  4.25"*°*  width  of  lands,  and  a 
uniform  twist  of  18.2"*. 

Weight  of  charged  steel  shell,  184^;  weight  of  charge,  (prismatic 
powder,)  37.5^ ;  ini^.ial  velocity,  450"*. 

Weight  of  charged  common  shell,  159^ ;  weight  of  charge,  (prismatic 
l)Owder),  30^  ;  initial  velocity,  450°*. 

This  gun  has  a  carriage  for  use  in  a  broadside-battery  of  iron-clads. 
The  carriage  differs  from  the  former  ship-carriages  for  similar  purposes, 
principally  iu  that  the  hydraulic  buffer  and  apparatus  for  self-acting 
running-out  are  contrived  similarly  to  those  of  coast-gun  carriages* 
The  hydraulic  buffer  is  so  arranged  that  the  gun,  with  the  upper  part  of 
the  carriage,  can  be  retained  at  once  on  any  part  of  the  slide. 

The  training  is  effected  by  a  cog-wheel,  which  works  into  a  cog-racer 
in  the  deck,  and  is  moved  by  a  worm-wheel,  so  as  to  dispense  with  an 
especial  brake  to  retain  the  gun  in  the  required  direction.  For  eleva- 
tion, there  is  arranged  on  both  sides  of  the  gun  a  cogged  elevating-arc ; 
both  are,  however,  moved  simultaneously  from  the  left  side  of  the  car- 
riage by  a  hand-wheel.  In  order  to  relieve  the  ship's  side  in  firing,  the 
recoil  is  partially  received  from  the  grooved  rollers  by  ribs  on  the  upper 
face  of  the  deck-racers,  and  from  a  strong  hook,  which  ties  the  fore  part 
of  the  slide  down  to  the  strong  projecting  lip  of  the  front  racer. 

Total  weight  of  carriage,  8,756^ ;  height,  1,220°*. 

(31.)  Long  24^°*  gun  on  battery-carriage  for  casemate-ships. — Caliber, 
235.4"*°*;  length  of  gun,  6.23°*;  length  of  bore,  4.54'";  weight  of  gun, 
with  wedge,  15,500* ;  preponderance,  0. 
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The  gun  has  32  grooves,  whose  breadth  increases  toward  the  breech, 
with  a  width  of  lands  of  3.9""*  at  breech  and  7.85™™  at  mouth.  The 
twist  is  uniform,  of  16.48™  length. 

Weight  of  charged  steel  shell,  135^ ;  weight  of  charge,  (prismatic  pow- 
der) 24* ;  initial  velocity*,  430™. 

Weight  of  charged  common  shell,  118.5* ;  weight  of  charge,  20* ;  ini- 
tial velocity,  424™. 

The  gun  is  mounted  on  a  battery-carriage  for  casemate-ships.  Owing 
to  its  position  in  one  of  the  obtuse  angles  of  the  casemate,  so  as  to  be 
capable  of  firing  throngh  a  broadside  and  a  bow  or  stem  port,  it  was 
necessary  to  make  arrangements  for  a  change  of  ports.  This  is  done 
by  means  of  a  turn-table,  on  which  the  gun  rests  with  the  middle  slide- 
supports  and  the  rear  slide-rollers,  after  the  fore  slide-rollers  have  been 
lifted  correspondingly  by  an  hydraulic  lifting-jack,  fixed  under  the  slide 
for  this  purpose.  To  facilitate  the  unshackling  of  the  pivot-bar  on  the 
change  of  ports,  it  is  divided,  and  at  the  joint  an  easily  removable  bolt 
is  put  on. 

To  check  the  recoil,  the  carriage  is  provided  with  an  adjustable  plate- 
compressor.  A  chain  running-in-and-out  gear  is  applied  on  both  sides 
of  the  slide-end.  For  training,  the  pinion  of  the  cog-racer  is  moved  by 
the  same  cranks  which  are  used  for  the  above-mentioned  chain-gear. 

The  elevation  is  taken  by,  means  of  a  cogged  elevating-arc. 

Height,  1,195™. 

Kilograms. 

Weight  of  carriage 2, 344 

Weight  of  slide '    5,466 

Total  weight 7, 810 

(32.)  Long  21«™  gun  on  coast-carriage. — Oaliber,  209.3™™  5  length  of 
gun,  4.708™ ;  leugt^i  of  bore,  4.106™ ;  weight  of  gun,  with  wedge,  10,000* ; 
preponderance,  0. 

The  gun  has  30  grooves,  whose  breadth  increases  toward  the  breech, 
with  3.4™™  width  of  lands  at  breech  and  7.3™™  at  mouth.  The  twist  is 
uniform,  of  14.23™  length. 

Weight  of  charged  steel  shell,  95*;  weight  of  charge,  (prismatic  pow- 
der,) 17* ;  initial  velocity,  430™. 

Weight  of  charged  common  shell,  79*;  weight  of  charge,  14* ;  initial 
velocity,  430™. 

The  gun  is  mounted  on  a  coast-carriage  of  a  description  similar  to  that 
of  the  30J<^™  gun. 

Height,  2,015*". 

Kilograms. 

Weight  of  carriage 2, 090 

Weight  of  slide 5, 110 

Total  weight 7,200 
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(33.)  2V^  siege-gan,  with  slide-carriage. — Caliber,  209.3«»"  ;  length  of 
gun,  3.400"*  J  length  of  bore,  2,910"^ ;  weight  of  gun,  with  wedge,  3,900^ ; 
preponderance,  0. 
•  The  gan  has  30  grooves,  wliose  breadth  increases  toward  the  breech, 
with  3.7"»™  width  of  lands  at  breech  and  7.5°*™  at  mouth.  The  length 
of  twist  is  12.36°». 

Weight  of  charged  common  shell,  79^ ;  weight  of  charge,  (prismatic 
powder,)  6.5^ ;  initial  velocity,  300"\ 

The  carriage  for  this  gun  is  a  short  slide-carriage,  in  all  essential 
points  similar  to  the  coast-carriages.  The  slide,  when  in  battery,  rests 
in  front  on  the  pivot- block,  behind  on  two  rollers  which  can  be  moved, 
for  the  purpose  of  training,  by  means  of  handspikes.  The  cogged  ele- 
vating-arc admits  of  27^  elevation  and  6^  inclination.  The  project- 
ile-crane, hydraulic  bufifer,  &c.,  are  similar  to  the  coast-carriages.  This 
gun  can  be  made  available  for  transport.  For  this  purpose  a  strong 
axle  with  large  wheels  is  placed  in  the  axle-supporls,  after  the  gun  and 
carriage  have  been  run  in  on  the  slide  ^  then  the  fore  end  of  the  slide  is 
raised  by  means  of  a  lifting-apparatus,  which  is  permanently  fixed  on 
the  slide,  consisting  of  a  screw  with  worm-wheel  gearing ;  and  finally 
the  rear  end  of  the  platform  is  limbered  up.  The  transport  rear  wheels 
have  a  diameter  of  2.046™  and  a  breadth  of  0.180™  in  the  rim.  The  dis- 
tribution of  the  weight  resting  on  hind  and  fore  wheels  is  in  proportion 
of  4  to  1.  To  lighten  the  transport- wagon,  the  slide-rollers  may  be  car- 
ried separately;  the  projectile-crane  may  be  turned  over.  For  transport 
by  rail,  the  limbered-up  carriage  can  be  easily  placed  on  a  10-tou  luggage- 
wagon.  The  bed,  made  of  oak  beams  and  provided  with  pivot-block 
and  racer,  can  be  carried  on  an  ordinary  luggage- wagon.  As  soon  as 
the  gun  has  been  carried  to  its  proper  place  over  the  bed  in  the  battery, 
itisunlimbered,  and  then  the  rear  slide-rollers  are  lowered  down  on  the 
racer  by  means  of  a  windlass ;  the  slide  is  afterward  let  down  in  front 
upon  the  pivot-block,  and  the  transport  axle  and  wheels  are  removed. 

Height  in  battery,  1.9™. 

Kilograms. 

Weight  of  carriage 922 

Weight  of  slide 1, 728 

Total  weigh t 2, 650 

The  limbered-up  gun  with  side-arms  weighs 8, 160 

The  bed  eompletd  weighs 2, 080 

(34.)  Long  17<^™  gun  on  upper-deck  carriage. — Caliber,  172.6™™;  length 
of  gun,  4,250™;  length  of  bore,  3,780™ ;  weight  of  gun  with  wedge,  5,600^; 
preponderance,  0. 

The  gun  has  48  parallel  grooves,  with  3.5™'"  width  of  lands,  and  a  uni- 
form twist  of  11.2™. 

Weight  of  charged  steel  shell,  55*;  weight  of  charge,  (prismaticpowder,) 
^  10^^;  initial  velocity,  460™. 
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Weight  of  charged  common  shell,  45^;  weight  of  charge,  (prismatic 
powder,)  10^ ;  initial  velocity,  465"*. 

The  upper-deck  carriage  for  this  gan  is  to  be  placed  in  the  bow  or 
stern  of  iron-clads,  and  provided  with  contrivances  so  as  to  be  moved 
easily  and  qnickly  into  a  rear  position. '  To  check  the  recoil,  a  plate- 
compressor  is  used.  For  training,  the  slide,  which  usually  rests  on  the 
supports,  is  placed  on  the  rollers,  for  which  purpose  the  rear  slide-rollers 
are  mounted  eccentrically. 

Height,  1,020™. 

Kilograms. 

Weight  of  carriage 1,255 

Weight  of  slide 2,235 

Total  weight 3, 490 

(35.)  15®"  siege-gun  on  wheel-carriage. — Caliber,  149.1™"* ;  length  of 
gun,  3.44";  length  of  bore,  3,040";  weight  of  gun  with  wedge,  3,000^ ; 
preponderance,  1"  from  the  trunnion,  25^. 

The  gun  has  36  grooves,  with  3""  width  of  lands  at  breech  and  5.5"" 
at  mouth.    The  length  of  twist  is  9.7". 

Weight  of  charged  common  shell,  28^ ;  weight  of  charge,  (prismatic 
powder,)  C' ;  initial  velocity,  470". 

The  carriage  for  this  gun  is  constructed  as  a  wheel-carriage.  The 
brackets  are  made  of  plates  and  angle-iron.  The  elevating-screw  admits 
of  350  elevation  and  5^  inclination.  As  a  peculiarity  in  this  carriage 
may  be  named  the  hydraulic  buffer,  which,  on  discharge,  checks  the 
recoil  to  about  1"  or  less.  The  buffer-cylinder  can  be  moved  vertic- 
ally, being  fastened  to  the  brackets  at  one-third  of  their  length  from 
behind.  The  piston-rod  can  be  moved  vertically  and  horizonta;l1y,  by 
means  of  a  pivot-bolt  connected  with  an  anchor,  partly  imbedded  in  the 
parapet. 

Height,  1,830" ;  weight  of  carriage,  1,845^. 

(36.)  Long  15®"  gun  on  ship-carriage. — Caliber,  149.1""" ;  length  of  gun, 
3.85'" ;  length  of  bore,  3.43" ;  weight  of  gun  with  wedge,  4.000^ ;  prepon- 
derance at  the  commencement  of  the  rounding  of  the  wedge,  75^. . 

The  gun  has  48  parallel  grooves,  with  3"""  width  of  lands  and  9.7*" 
length  of  twist. 

Weight  of  charged  steel  shell,  35^;  weight  of  charge,  (prismatic  pow- 
der,) 8^ ;  initial  velocity  460  . 

Weight  of  charged  common  shell,  28^ ;  weight  of  charge,  6.5^ ;  initial 
velocity,  465™. 

The  carriage  of  this  gun  is  made  for  broadside  use  on  sloops  of  war 
and  similar  vessels.  It  is  a  slide-carriage.  To  check  the  recoil,  a  plate- 
compressor  is  used,  and  a  breeching  as  reserve.  The  elevation  is  effected 
by  a  cogged  elevating-arc,  and  the  training  by  means  of  tackles,  for  which 
side-eyes  are  provided  on  the  rear  .end  of  the  slide.  The  slide  rests  usu- 
ally by  supports  on  the  racers;  for  training,  it  is  lifted  upon  the  rollers. 

Height,  0.960". 
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Kilograms 

Weight  of  carriage 1,505 

Weight  of  si  ide 935 

Total  weight 2,440 

(37.)  12*^™  gun  on  shipcarriage.— Caliber,  120.3"™ ;  length  of  gun,  2.925" ; 
length  of  bore,  2.602™  ;  weight  of  gun,  with  wedge,  1,400^;  preponder- 
ance, 100^^. 

The  gun  has  18  grooves,  whose  breadth  increases  toward  the  breech  > 
with  2.5™™  width  of  lands  at  breech  and  6.5™™  at  mouth.  The  length  of 
twist  is  8.42'". 

Weight  of  charged  steel  shell,  15.5^;  weight  of  charge,  (large-grained 
powder,)  3.5^ ;  initial  velocity,  450™. 

Weight  of  charged  common  shell,  15.5^ ;  weight  of  charge,  (large- 
grained  powder,)  3^  5  initial  velocity,  450". 

The  carriage  for  this  gun  is  a  wheel  carriage  constructed  for  the  main 
or  upper  deck  of  small  vessels.  To  check  the  recoil,  an  hydraulic  buflfer 
is  applied,  similar  to  that  of  the  15*^™  siege-carriage.  The  buffer-cyl- 
inder, movable  vertically  and  horizontally,  hangs  on  the  pivot-bolt ;  the 
piston-rod  is  fastened  to  the  carriage.  A  strong  breeching  is  provided 
as  reserve.  The  carriage  rests  usuall}^  on  four  rollers ;  for  training,  the 
rear  rollers,  which  are  mounted  eccentricall}',  are  lifted,  whereby  the 
weight  is  transferred  to  a  trainiugroUer. 

The  elevation  is  taken  b^'  means  of  a  cogged  elevating-arc,  which  ad- 
mits of  -f  150  and  —100. 

Height,  0.900™ ;  weight  of  carriage,  895^. 

(38.)  9<^°*  field-gun  with  carriage.— Oaliber,91.5°^»'^  ;length  of  gun,2.040" ; 

length  of  bore,  1.819°* ;  weight  of  gun,  with  wedge,  425^  j  preponder- 
ance, 50^. 

The  gun  has  16  grooves,  whose  breadth  increases  toward  the  breech- 
with  2.5™™  width  of  lands  at  breech  and  6.5™™  at  mouth.  The  twist 
is  4.53". 

Weight  of  charged  shell,  6.9^ ;  weight  of  charge,  (cannon-powder,)  0.6* } 
initial  velocity,  322™. 

The  gun  carriage  has  riveted  wrought-iron  brackets.  Weight  of  car- 
riage, (without  accessories,)  546*.  The  elevating-screw  admits  of  an  ele- 
vation of -f  15y\o  and  8°. 

(39.)  8«"  field-gun,  with  carriage.— Caliber,  78.5"";  length  of  gun, 
1.935" ;  length  of  bore,  1.728"  ;  weight  of  gun,  295* ;  preponderance,  70*. 

This  gun  has  12  grooves,  whose  breadth  increases  toward  the  breech, 
with  2.5""  width  of  lands  at  breech,  and  6.5""  at  mouth.  The  twist 
is  3.62"  long. 

Weight  of  charged  shell,  4.3*;  weight  of  charge,  (cannon-powder,) 
0.5* ;  initial  velocity,  357". 

The  carriage  for  this  gun  has  also  riveted  brackets.    Weight  of  car- 
riage, (without  accessories,)  460*.    The  elevating-screw  admits  of  13}|Q 
elevation,  and  8°  inclination. 
6  I 
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(40.)  C<^™  mountain-gun  on  carriage. — Caliber,  60"*™ ;  length  of  gun, 
1.250°*;  length  of  bore,  1.130™;  weight  of  gun  with  wedge,  107^;  prepon- 
derance, 14^. 

This  gun  has  18  parallel  grooves,  with  3™™  width  of  lands  and  2.10" 
length  of  twist. 

Weight  of  charged  shell,  2.3^;  weight  of  charge,  0.2*^;  initial  velocity, 
300™. 

The  carriage  has  wronght-irou  brackets,  cast-steel  axle,  and  wooden 
wheels.    On  the  naves  of  the  axle  there  are  conical  friction-brakes. 

Weight  of  carriage,  109^ ;  height,  0.660™. 

The  elevating-screw  admits  of  21^  elevation  and  10^  inclination. 

(41.)  Ammunition: 

(a.)  Shells.  Forged  of  crucible  cast  steel  for  every  one  of  the  exhib- 
ited guns;  both  whole  ones  and  cross-sections. 

(b,)  Common  shells  of  cast  iron  for  all  exhibited  guns ;  some  in  cross- 
sections,  all  with  complete  percussion-fuse& 

(c.)  Models  of  cartridges  and  of  prismatic  powder. 

The  specific  weight  of  the  prismatic  powder  is,  for  the  26*^™,  28^™, 
and  30J*^™  guns,  from  1.72  to  1.76 ;  for  those  of  smaller  calibers,  from 
1.62  to  1.66. 

62.  BuTTGENBACH's  BLAST-FUENAOES. — The  brothers  Conrad  and 
Franz  Buttgenbach,  of  Neuss,  in  Ehenish  Prussia,  exhibited  a  model 
and  drawings  of  their  new  method  of  constructing  blast-furnaces,  pat- 
ented in  Austria,  France,  Belgium,  England,  and  America.  The  model, 
about  4  feet  high,  is  very  perfect,  and  is  sold  to  the  Imperial  Mining 
Museum  at  St.  Petersburg.  Inasmuch  as  Mr.  Buttgenbach  presented 
with  the  model  a  full  description  of  his  furnace  in  print,  and  reported 
specially  upon  it  to  the  Iron  and  Steel  Institute,  I  prefer  to  present  it 
in  full  in  his  own  words : 

"  In  1859, 1  undertook  the  management  of  the  Neuss  Smelting- Works, 
situate  on  the  Lower  Bhine,  Ehenish  Province,  and  there  I  found  a  high 
blast-furnace,  then  just  recently  erected,  which  had  not  yet  been  in 
active  operation. 

^<An  engineer,  late  of  the  Liegen  district,  who  had  seen  all  the  blast- 
furnaces of  that  part  of  the  country  set  up  against  steep  hills,  supplied 
with  raw  materials  brought  up  to  the  required  level  by  means  of  carts 
and  wheelbarrows,  and  having  steam-boilers  and  air-heating  apparatus 
mostly  on  a  level  with  the  furnace-mouth,  when  charged  with  the  duty 
of  sketching  out  a  plan  for  the  work  above  mentioned,  in  his  inability 
to  free  himself  from  the  influence  of  this  (old-fashioned)  notion,  actually 
projected  and  caused  to  be  built  on  a  level  plane  a  stack  of  masonry 
measuring  40  feet  square  at  its  base,  by  40  feet  in  height,  rising  perpen- 
dicularly. 

*'  At  the  center  of  this  stack  was  placed  the  blast-fiirnace,  its  hearth 
being  accessible  only  by  means  of  very  narrow  embrasures;  upon  the 
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platform  of  the  furnace-mouth  two  steam-boilers  have  been  erected,  as 
well  as  a  draugbt-tlue,  the  idea  being,  probably,  that  the  descent  was 
to  take  place  contrary  to  the  natural  tendency  of  the  gases. 

"  This  stack  being  altogether  too  bulky  for  me  to  attempt  to  remove 
it  bodily,  I  simply  contented  myself  with  clearing  away  as  much  of  it  as 
possible  round  about  the  hearth,  and  in  such  condition  as  I  then  brought 
it  to,  our  blastfurnace  has  been  continuously  at  work  ever  since  1860, 
under  my  management.  The  difficulty  of  working  with  a  furnace  simi- 
larly blocked  in,  but  more  especially  the  fact  resulting  from  the  experi- 
ences of  two  or  three  years'  operations  that  the  fire-proof  facings  had 
completely  worn  away,  impelled  me  to  attempt  the  construction  of  a 
blast-furnace,  the  heart  of  whibh  should  he  readily  accessible  on  all  sides, 
and  following  up  this  idea,  I  built  up  at  our  works  a  blast-furnace  50 
feet  high  and  17  feet  in  diameter  at  the  boshes. 

^'  In  justice  to  my  brother,  a  metallurgical  engineer,  I  must  not  here 
omit  to  state  that,  in  elaborating  and  finally  determining  upon  my  plans, 
I  had  the  advantage  of  his  suggestions  and  valuable  advice. 

"  In  1867,  a  model  of  the  above-named  blast-furnace  wa^  exhibited  in 
Paris,  and  I  had  the  satisfaction,  not  only  of  being  complimented  upon 
my  idea  by  a  great  number  of  engineers  of  every  nationality,  qualified 
to  express  an  opinion  on  the  subject,  but  of  having  conferred  upon  me, 
likewise,  the  distinction  of  an  honorable  mention  on  the  part  of  the  jury 
of  the  exhibition.  The  articles  contributed  to  the  Bevue  Industrielle  of 
the  exhibition  of  1867  by  Professor  Jordan,  who  occupied  the  chair  of 
metallurgy  at  the  Ecole  centrale  in  Paris,  have  brought  my  system  into 
notice  in  France.  Since  18G7,  six  French  iron-masters  have  adopted  my 
system,  and  have  constructed  9  blast-furnaces  from  my  plans  and  in 
accordance  with  my  suggestions.  Both  in  Germany  and  Austria  my 
system  has  likewise  been  introduced  with  success  at  several  iron- works. 

"  The  fundamental  idea  of  this  mode  of  construction  and  the  advan- 
tages of  the  system  may  be  summed  up  as  follows,  viz : 

'^  1st.  The  mason- work  of  the  stack  is  quite  independent  of  the  blast- 
furnace proper.  Each  ring  or  course  of  bricks  constituting  the  hearth, 
boshes,  and  inside  wall  is  readily  accessible  and  free  from  any  casing, 
except  as  regards  a  small  portion,  measuring  from  3  to  4  feet  in  height, 
at  the  widest  section  of  the  blast-furnace. 

"  Consequently,  the  whole  of  the  above  several  parts  are  completely 
bare  and  easily  reached  for  any  purpose  required,  even  while  the  fur- 
nace is  in  active  operation.  This  feature  conduces  to  the  duration  of 
the  furnace,  for  in  case  of  need  any  injured  part  can  be  repaired,  even 
when  the  furnace  is  at  work. 

'^  2d.  The  inside  wall  and  the  upper  part  of  the  boshes  being  cooled  by 
the  atmosphere  having  access  thereto,  they  remain  in  their  normal  con- 
dition without  wear,  and  do  not  become  unduly  heated  at  any  time, 
being,  therefore,  indefinitely  kept  in  a  state  of  preservation,  since  there 
never  occurs  a  fusion  of  materials  at  this  height. 
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<^3d.  The  hearth,  aud  the  lower  portioas  of  the  boahes,  being  apt  to 
suffer  aftex  a  certain  time,  from  the  destructive  action  of  the  materials 
in  a  melting  state,  may  be  replaced  without  any  difficulty  whatever 
wliile  the  work  is  going  on,  so  that  there  is  no  occasion  to  apprehend 
any  extinction  of  the  fires  so  long  as  the  in-wall  is  not  destroyed.  If 
putting  out  the  fires  should  at  any  time  become  necessary,  the  hearth 
aiid  the  boshes  could  be  renewed  without  affecting  the  in- wall  in- 
juriously. 

'•  4th.  Each  particular  brick  being  accessible  during  the  working  of 
the  furnace,  and  the  progress  of  the  fire  easily  ascertained,  corrosions 
can  be  obviated  by  cooling  down  with  water  thrown  on  the  several 
parts,  or  by  means  of  water- vessels  or  tuyeres  wherein  the  water  circu- 
lates placed  within  these  parts  as  far  as  the  inside  of  the  furnace, 
whereby  the  wear  and  tear  can  be  checked. 

*^5th.  The  utilization  of  the  gas  at  the  furnace-mouth  can  be  so  man- 
aged as  to  make  it  yield  the  best  results.  The  pillars  supporting  the 
platform  of  the  furnace-top  are  gas-pipes,  and  drop  into  sheet-iron 
vessels  fixed  to  the  summit  of  the  base  of  the  stack,  where  it  slopes 
away.  These  vessels  are  open  on  one  side,  so  that  when  filled  with 
water  up  to  a  certain  height,  they  can  be  shut  down  by  means  of  a  valve, 
measuring  a  few  centimeters  square.  The  gas  issuing  forth  out  of  the 
furnace-mouth  finds  its  way  into  these  receptacles,  and  in  its  passage 
through  them  travels  over  a  large  surface  of  water.  Here  it  deposits 
the  dust,  while  a  great  part  of  the  water  suspended  in  the  gas,  in  a  state 
of  vapor,  is  condensed.  Consequently,  the  gas  reaches  its  destination  in 
a  highly-purified  condition,  and  may  yield  the  very  best  results  in  those 
parts  where  it  is  desired  to  make  use  of  it. 

'*  The  arrangement  of  the  said  water-receptacles  allows  of  the  with- 
drawal of  the  dust  or  grit  deposited  while  in  full  working,  and  in  the 
event  of  an  exx)losion,  the  area  of  from  five  to  six  millimeters  of  the 
water-column  paralyzes,  as  though  it  were  a  gigantic  valve,  any  inju- 
rious effects.  In  point  of  fact,  instead  of  dreading  we  rather  wish  for 
explosions  from  time  to  time,  since  they  serve  the  purpose.of  clearing 
off  the  dust  and  grit  that  may  still  be  clinging  to  the  inner  walls  of  the 
pipes.  Moreover,  there  is  the  advantage  of  confining  these  subsidiary 
appliances  to  a  spot  on  the  works  which  does  not  in  any  way  interfere 
with  the  general  progress  of  the  manufacture. 

"  Cth.  The  gas-pipes  being  supporters  also  of  the  platform  surround- 
ing the  furnace-mouth  or  top,  render  the  said  platform  independent  of 
the  blast-furnace  proper,  and  that  without  involving  any  special  outlay. 

^'In  the  first  days  of  this  erection,  critics  expressed  a  fear  that  the 
chilling  of  the  parts  thus  exposed  in  this  blast-furnace  would  be  achieved 
only  at  the  cost  of  a  greater  consumption  of  fuel.  But,  contrary  to  such 
apprehensions,  experience  has  amply  shown  that  blast-furnaces,  the 
brick-work  of  which  at  the  core  is  in  direct  contact  with  the  outer  air, 
use  less  fuel  than  do  those  that  are  protected  by  strong  mason  work,  or 
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shot  in  by  oieaDS  of  a  second  inner  casing  with  a  lining  of  sbcet-iron  ; 
and  the  opinion  expressed  by  me  from  the  very  beginning  explains  this 
result.  For,  in  point  of  fact,  a  blast-furnace  should  form  at  its  lower 
part  a  smeltiug-crucible,  and  it  is  generally  known  that  every  expedient 
available  is  brought  into  use  for  the  purpose  of  cooling  the  walls  of  this 
portion  of  the  structure.  The  boshes  are  a  kind  of  retort,  wherein  the 
ore  is  reduced  by  means  of  its  contact  with  the  fuel,  and  the  in-wall  is 
like  unto  the  neck  of  ^a  retort,  and  in  which  the  ore  is  prepared  by  the 
action  of  a  moderate  heat  and  contact  with  the  reducing  gases. 

'^  If  the  ore  sinking  into  the  in- wall  section  requires  a  spongy  condi- 
tion, and  continues  in  this  condition  without  undergoing  semifusion,  it 
is  quite  obvious  that  the  efffict  produced  by  the  gas  must  be  infinitely 
greater,  and  that  the  ore  must  descend  into  the  zones  of  the  boshes  and 
of  the  hearth  in  a  much  better  state  of  preparation  than  if  the  heat  of 
the  in-wall  had  partially  converted  it  into  cinder,  so  that  the  reducing 
gas  must  pass  on,  incapable  of  action  upon  such  ore,  except  superfi- 
cially. The  ore,  thus  brought  into  a  better  state  of  preparation,  must  of 
necessity  require  less  fuel  in  order  to  its  perfect  fusion. 

"  Moreover,  in  the  event  of  cinder  being  formed  at  the  in-wall  zone, 
it  will  adhere  to  the  walls  and  produce  concretions,  which  always  impede 
the  proper  working  of  a  blast-furnace.  When  the  ore  sinks  with  regu- 
larity the  smelting-process  is  facilitated,  whereby  a  further  saving  of 
fuel  is  effected. 

"The  truth  of  the  foregoing  assertions  has  be^n  fully  established  by 
the  experience  of  eight  years'  working  at  our  works.  Concretions  have 
never  been  noticed,  and  the  proportion  of  fuel  required  for  the  furnace, 
constructed  upon  the  new  principle,  has  always  been  from  10  to  15  per 
cent,  smaller,  cceteris  paribus. 

**  When  good  coke  has  been  used,  excellent  No.  1  foundery-pigs  have 
been  produced  from  ores  yielding  35  per  cent.,  the  consumption  of  coke 
being  in  the  ratio  of  11  parts  to  10  part  of  pig,  at  a  temperature  of  350^ 
centigrade,  under  blast,  while  in  the  case  of  white  pig  it  is  one  part  less 
of  good  coke  to  every  part  of  pig.  Touching  the  fears  entertained  of 
undue  chilling  in  severe  seasons,  the  following  facts  have  served  to 
dispel  them  in  toto  : 

•' The  blast-furnace  at  theNeuss  Works  has  more  than  once  been  sud- 
denly blown  out  for  several  weeks,  owing  to  causes  quite  foreign  to  its 
working  capabilities.  Three  of  these  suspensions  occurred  during  the 
war  in  the  year  1870-71,  owing  to  the  \vant  of  fuel,  and  no  prepara- 
tory arrangements  were  madebaforeany  of  the  said  suspensions  of  work. 
They  lasted  during  a  space  ranging  between  three  and  ten  weeks  re- 
spectively. 

"  I  did  not  touch  the  blastfurnace  during  any  of  the  periods  of  stop- 
page referred  to,  the  most  prolonged  of  them  occurring  at  a  time  when 
the  thermometer  registered  10^  to  17^  C,  and  yet  when  work  was  re- 
sumed the  furnace  did  its  work  again  with  snrpri?iing  regularity.    On 
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the  last  occasion,  however,  I  was  obliged  to  raise  up  the  taj-eres,  ia  coq- 
sequence  of  the  thickeuiug  of  the  bottom  stoae. 

"  For  the  last  two  years,  the  faraace  has  been  blown  from  one  meter 
and  fifty  centimeters  above  the  original  level.  It  behaves  admirably, 
producing  as  much  as  50,000  kilograms  in  twenty-four  hours.  I  cannot 
conceive  of  any  blast-furnace  constructed  upon  a  different  principle  be- 
ing capable  of  withstanding  the  effect  of  events  such  as  those  detailed 
above,  and  yet  remaining  fit  for  work.  The  blast-furnace  I  am  describ- 
ing has  entered  upon  the  eighth  year  of  its  existence,  and  the  condition 
of  its  core  is  such,  as  yet,  that  one  will  readily  admit  the  almost  cer- 
tainty of  its  lasting  out  double  or  three  times  the  said  number  of  years, 
considering  that  the  bricks  of  the  in-wall  and  of  the  boshes  have,  up  to 
the  present,  lost  nothing  of  their  thickness.  This  may  be  easily  veri&ed , 
for  all  the  bricks  coming  to  the  outer  air  may  be  examined  at  any  mo- 
ment. Their  thickness  may  be  unerringly  ascertained  by  piercing  the 
walls  with  a  small  pin-drill.  Tbe  walls,  be  it  borne  in  mind,  are  but 
weak,  measuring  no  more  than  2  feet  thickness  at  the  base,  and  18 
inches  at  the  summit  of  the  in- wall. 

*'  This  thickness  they  have  not  lost  during  an  existence  of  eight  years. 
Experience  has  shown,  moreover,  that,  the  core  of  the  furnace  being 
exposed  to  the  air,  the  internal  heat  produces  hardly  any  effect  upon  the 
bricks,  either  by  .dilation  or  contraction.  Hearth,  boshes,  and  in- wall 
were  originally  fastened  together  in  the  Neuss  blast-furnace  by  means 
of  flat  irou  binders  occurring  at  the  third  course  alternately. 

"  This  precautionary  measure  appears  superfluous.  It  is  over  four 
years  ago  since  I  have  had  the  binders  removed  at  the  hearth  and 
boshes,  as  well  as  at  the  in-wall,  in  part;  for  I  perceived  that  they 
served  no  useful  purpose,  since  the  cooling  down  of  the  bricks  prevents 
expansion  altogether.  Indeed,  the  furnace  in  the  parts  referred  to  is 
just  the  same  as  on  the  day  of  its  erection. 

<*  At  Vienna,  I  have  exhibited  at  the  Deutscher  Pavilion  fur  BergbaUy 
Hiittenwesen,  (No.  8635,)  a  model  of  this  blast-furnace,  in  which  I  have 
shown  the  deductions  mide  from  an  experience  of  the  working,  during 
a  period  of  eight  years,  of  the  first  blastfurnace  of  its  kind. 

"  The  chief  alterations  introduced  by  way  of  improvement  consist  in 
a  diminution  of  the  stack  to  a  very  great  extent,  at  that  part  of  it  which 
supports  the  in-wall ;  this  diminution  being  accompanied,  however,  by 
so  considerable  a  sloping  away  from  the  center  toward  the  rise  of  the 
boshes,  that  the  space  aronnd  the  hearth  and  the  boshes  has  been  still 
further  enlarged,  so  that  it  may  be  considered  as  perfectly  isolated. 

"  1  have  also  introduced  a  peculiar  description  of  closed  hearth,  which 
admits  of  ordinary  working,  as  well  as  working  with  a  closed  hearth. 
I  have  been  using  this  method  for  the  last  six  years  with  the  very 
best  results.  Its  application  is  very  simple  indeed,  and  free  from  the 
objectionable  features  of  other  known  methods,  since  the  work  of  the 
bottom  of  the  furnace  can  be  performed,  in  case  of  need,  without  de- 
pending upon  the  mouth  of  a  tuyere  for  running  off  the  slag. 
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"The  hearth  is  closed  in  by  a  cast-iron  tymp placed  in  the  usaal  posi- 
tion. This  tymp  arch  is  cooled  by  a  current  of  water  passing  through  a 
coiled  iron  fixed  in  the  cast  iron. 
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Fig.  55. — Buttgenbacb's  blast-furnace. — Elevation  and  section. 


"In  the  center  of  this  plate  there  is  an  aperture  or  orifice,  measuring 
three-quarters  of  an  inch,  running  almost  over  the  entire  height,  and  the 
cooling-pipes  are  situate  as  near  this  kind  of  slit  as  may  be.  This  slit  is 
closed  up  by  means  of  ordinary  clay.    A,  the  upper  portion  of  the  slit, 
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is  placed  two  or  three  inches  higher  than  the  center  of  the  line  of  the 
tuyeres. 


Fig.  56,— Section. 


Fig.  G7.— Front  vi 
Front  cieir. 


"frflevelcenterof  the  tuyeres;  c,colunins6f  the  breast;  (2,dam;  e,  tap- 
hole  ;  p,  space  between  dam-stone ;  tymp  closed  iu  with  clay ;  T,  cast- 
iron  tymp. 

"The  slag  of  the  blast-furuace  ascending  above  the  dam-stone  and 
reaching  the  level  of  the  tuyeres  runs  off  easily  through  a  hole  driven 
by  means  of  a  light  steel  bar  into  the  said  slit ;  and,  since  the  level  of 
this  hole  may  be  altered  at  will,  a  means  is  thus  afforded  for  changing 
the  level  at  which  the  slag  is  run  off  over  a  range  of  2J  inches,  which  is 
a  very  great  advantage  iu  itself;  bat,  in  addition  to  that,  there  is  this 
further  facility,  namely,  that  nothing  hinders  one  from  tapping  the 
melted  ore  at  this  same  slit. 

"I  shall  not  dwell  at  length  npon  the  advantages  of  such  an  arrange- 
ment, but  will  simply  state  that  during  the  six  years,  since  I  have  been 
making  use  of  it,  I  have  been  unable  to  find  any  fault  with  it,  and  that 
iu  uy  practice  it  has'  always  possessed  all  the  advantages  of  the  closed 
breast. 

"  In  the  said  model,  I  have  also  applied  three  rows  of  tuyeres,  made 
ot  gun-metal,  overlying  one  another  so  that  the  upper  row  is  two  and 
one-half  meters  above  the  first.  Tliese  tuyeres  reach  into  the  interior  as 
deeply  as  the  blast- tuyeres.  By  this  arraugment  the  walls  of  the  hearth 
are  kept  in  perfect  preservation,  and  in  case  of  accident  the  blast  may 
be  introduced  through  the  said  tuyeres,  affording  advantages  that  iron- 
masters will  bo  able  to  appreciate  without  further  explanations. 

"Practice  has  shown  that  this  kind  of  blast-furnace,  being  readily  ac- 
cessible on  ail  sides  and  at  auy  moment,  is  far  more  easily  managed 
than  any  other  system ;  which  fact  practical  men  will  readily  admit. 

"Over  and  above  the  advantages  above  enumerated,  there  is  another, 
namely,  that  the  coastractiou  of  such  a  blast  fnrnace  must  evidently 
be,  and  is,  in  point  of  fact,  much  less  costly  than  that  of  any  furnace 
built  npon  another  principle.  It  takes  much  less  time  to  build,  to  dry, 
and  to  fire ;  in  fact,  it  is  a  practical  elucidation  of  your  English' proverb, 
Hime  is  money.' 
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^^Let  me  add,  too,  that  there  is  nothing  to  prevent  the  application  of 
my  system  to  blast-furnaees  of>all  shapes  and  sizes,  and  that  the  largest 
section  woald  jast  be  the  one  best  adapted  for  illustrating  its  great  ad- 
yantages,  no  less,  speaking  relatively,  than  its  saving  qualities. 

^^In  conclasion,  I  must  say  that,  to  my  mind,  this  system  is  the  most 
advanced  in  simplicity  of  bias t-fui*n ace  construction.'' 

In  reply  to  criticisms  and  objections  made  at  the  meeting  and  in  the 
Journals,  Mr.  Buttgonbach  addressed  a  communication  to  Engineer- 
ing, as  follows : 

^^  At  the  meeting  of  the  Iron  and  Steel  Institute  I  had  the  pleasure 
of  reading  a  paper  about  my  system  of  blastfurnaces — ^a  system  which 
was  illustrated  and  described  in  your  number  of  August  15  last }  and  I 
see  with  satisfaction  that  this  paper  is  reproduced  in  your  number  of 
August  29,  together  with  a  report  of  the  discussion.  Your  contemporary, 
the  Engineer^  has  also  published  communications  respecting  my  fur- 
nace, and  in  particular  I  notice  an  article  in  the  number  of  that  journal 
for  September  12,  expressing  opinions  adverse  to  my  system.  Allow  me 
to  say  that  I  shall  always  be  glad  to  find  adversaries  to  my  ideas,  as 
their  opposition  only  gives  me  occasion  to  explain  these  ideas  more  fully, 
and,  I  trust,  in  a  more  convincing  manner. 

^<  On  the  occasion  of  the  discussion  of  my  paper  at  Li6ge,  it  was  impos- 
sible for  me  to  answer  thoroughly  to  the  objections  made  by  the  mem- 
bers of  the  institute — first,  for  want  of  time,  and,  secondly,  for  want  of 
sufficient  knowledge  of  the  English  language.  But  having  now  the  re- 
ports before  me,  and  encouraged  by  the  interest  taken  by  the  English 
press  in  my  system,  I  think  it  due  to  those  who  have  been  present  at 
the  meeting,  and  to  the  readers  of  the  papers,  that  I  should  reply  to  the 
various  objections  raised. 

"1.  To  the  objection  offered  by  one  speaker,  that  he  did  not  consider  the 
brick-work  of  the  base  practical,  aud  that  the  use  of  cast-iron  columns 
is  to  be  preferred,  I  have  to  answer,  that  this  cannot  be  an  objection  to 
the  system  as  such.  I  exhibited  my  model  with  a  base  of  cast-iron  pil- 
lars, and  with  a  base  of  brick-work.  My  experience  shows,  however, 
that  a  base  of  red  bricks  is  entirely  sufficient,  and  leaves  room  enough 
round  the  blast-furnace  to  allow  of  even  the  most  difficult  repairs  with- 
out opposing  the  slightest  obstacle.  I,  for  my  part,  would  never  allow  a 
base  to  be  made  of  cast-iron  pillars,  the  cost  of  the  latter  being  four  or 
five  times  that  of  a  brick-work  or  masonry  base,  and  the  last  entirely 
fulfilling  the  desired  purpose.  The  adoption  of  brick-work  or  cast  iron 
for  the  base  is  therefore  only  a  question  of  economy'.  The  base  of  brick- 
work contains  100  cubic  meters,  while  it  costs  at  the  !N"eusser  Works 
only  1,300  francs,  and  could  be  constructed  in  fifteen  days. 

*'  2.  A  second  objection  raised  was  that  a  blast-furnace  of  the  thick- 
ness cff  only  one  brick  would  not  resist  the  pressure  of  the  materials  in 
large  furpaces  like  those  of  Cleveland.  1  think  that  quite  a  false  idea 
exists  of  this  pressure.    This  pressure  is  not  at  all  a  great  one,  being 
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partly  paralyzed  by  the  state  of  the  minerals,  which,  by  the  heat,  are 
caased  to  adhere  more  or  less  together  with  the  coke,  without,  however, 
being  in  a  state  of  semi-fusion  or  vitrified. 

"  I  have  taken  away  a  good  part  of  the  bricks  of  the  stack,  several 
meters  above  the  largest  section  of  a  blast-furnace,  but  the  mixture 
remained  in  the  furnace  and  allowed  m«  to  replace  the  bricks  I  had 
taken  away  without  the  slightest  difficulty.  On  this  occasion  I  remarked 
that  the  bricks  had  not  even  lost  3  centimeters  after  a  campaign  of  seven 
years. 

"  For  the  rest,  as  supporting  what  I  have  said  above,  I  must  state 
that  an  establishment  which  adopted  my  system  made,  contrary  to  my 
advice,  the  first  blast-furnace  with  a  base  of  cast-iron  pillars,  and  after 
a  few  years'  experience  a  second  blast-furnace  at  the  same  works  was 
constructed  with  a  base  of  brick-work. 

^<  3.  Next,  it  has  been  asserted  that  there  are  in  Cleveland  and  the 
Korth  of  England  blast-furnaces  with  free-standing  shafts. 

"  I  have  been  over  that  part  of  England,  and  I  have  not  seen  one 
blast-furnace  where  the  shaft  had  a  thickness  of  only  one  brick ;  they 
have  all  inside  a  circle  of  large  special  bricks,  surrounded  by  a  mantle 
of  brick-work,  often  thicker  than  the  lining.  In  my  furnace  the  single 
thickness  of  bricks  is  freely  exposed  to  the  air,  and  diIat£^tion  by  heat 
being  prevented,  I  am  enabled  to  have  a  furnace  without  hoops. 

'^  4c,  One  opponent  admits  that  my  arrangement  preserves  the  boshes 
against  the  attacks  of  the  fire^  but  it  is  said  that  one  could  as  well  repair 
blast-furnaces  such  as  those  in  Middlesbrough,  which  have  a  lining  and 
a  mantle  round  this  of  3  feet  or  4  feet  thickness.  I  do  not  deny  that 
repairs  are  possible  in  the  latter  case,  but  certainly  they  are  expensive, 
very  difficult,  and  require  much  time;  every  practical  man  knows  that, as 
soon  as  one  must  go  below,  say  30  feet  from  the  mouth,  this  becomes  diffi- 
cult work,  the  more  so  as  the  mantle  hides  the  defects  of  the  lining,  and 
one  does  not  know  the  state  of  the  latter.  With  an  entirely  free  shaft, 
on  the  other  hand,  one  can  perfectly  well  ascertain  at  any  time  the  state 
of  the  bricks,  and  can  easily  make  repairs,  keeping  the  blast-furnace 
filled.    I  think  this  is  a  great  advantage. 

^'  7.  It  was  stated  that  scaffolding  does  not  occur,  or  ought  not  to  occur, 
with  very  hot  blast,  and  especially  not  where  Whitwell's  apparatus  is 
employed.  I  am  an  advocate  of  high-blast  temperatures,  and  especially 
of  WhitwelPs  excellent  stoves,  but  it  is  not  the  great  heat  of  the  blast 
which  prevents  these  scaffoldings ;  these  depend  upon  the  quality  of  the 
mineral  and  the  coke  of  the  district. 

^<  I  could  name  works  in  Luxembourg  where  the  blast  is  heated  by 
Whitwell's  stoves,  but  where,  with  the  small  mineral  to  which  I  have 
referred,  such  dangerous  scaffoldings  have  occurred  in  a  new  blast-fur- 
nace they  feared  they  should  be  forced  to  blow  it  out.  If  at  the 
crisis  they  had  had  tuyeres  available  3  meters  higher  up,  they  could 
easily  have  got  over  the  difficulty,  the  more  as  they  had  very  hot  blast. 
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''  8.  As  to  the  way  of  condacting  the  gas,  one  raast  not  forget  that 
with  mineral  containing  20  per  cent,  of  water,  and  of  which  two-thirds 
are  small,  (fine,)  one  has  to  take  precautions  qaite  different  to  those  taken 
in  Cleveland,  where,  though  the  ore  is  in  lump,  I  have  seen  gas  pipes  of 
3  feet  in  diameter  full  of  top  dust,  and  which  were  cleaned  with  the  ut- 
most difficulty.  All  these  difficulties  disappear  by  my  arrangement, 
and  especially  all  explosions  are  without  any  effect — a  very  important 
matter  when  one  has  to  do  with  wet  minerals.     * 

^'  En  risume^  all  the  objections  made  concern  the  Middlesbrough  dis- 
trict only,  but  out  of  this  there  exist  others  too ;  we,  and  many  other 
works,  work  with  mineral  of  which  two-thirds  pass  into  a  sieve  of  10 
holes  per  square  inch,  containing  20  per  cent,  of  water,  and  which  can- 
not support  any  calcining,  as  getting  too  easily  to  powder.  Under  such 
circumstances,  the  Cleveland  iron-masters  would  not  have  constructed 
blast-furnaces  85  to  90  feet  in  height,  and  would  have  had  to  take  other 
precautions  than  they  have  to  avoid  stoppings  every  week,  to  manage 
the  difficult  cleaning  of  their  gas-pipes,  which  would  soon  have  been 
filled  with  dust. 

"  With  materials  as  used  in  our  district,  where  we  use  twenty  different 
minerals  always  varying,  and  where  coke  contains  as  much  as  18  per 
cent,  of  cinder,  a  blast-furnnce  cannot  be  so  regular,  or  be  so  easily 
managed  as  a  Middlesbrough,  and  there  very  often  happen  disturbances 
in  the  smelting  process. 

^^  The  corrosive  nature  6f  the  mineral  containing  manganese  rapidly 
attacks  the  bricks  of  the  blast-furnace,  in  consequence  of  which  one 
makes  everywhere  preparations  to  prevent  that,  and  I  believe  that  the 
three  series  of  tuyeres  is  the  best  preservative  5  for  the  rest,  experience 
proves  it. 

"  The  Middlesboro  blast-furnaces  endure,  it  is  said,  ten  to  thirteen 
years,  but  certainly  they  would  not  do  so  under  the  conditions  we  have 
to  meet  here.  My  blast-furnace  was  erected  in  1865,  and  its  condition 
is  still  such  that  one  will  readily  admit  the  almost  certainty  of  its  last- 
ing out  double  or  three  times  its  present  age. 

'^Altogether,  1  find  that  the  observations  made  by  the  English  iron- 
roasters  who  condemn  my  system  are  too  partial,  the  statements  made 
reading  as  if  the  Cleveland  district  was  the  only  district  to  be  provided 
with  furnaces,  and  as  if  the  conditions  which  exist  also  existed  every- 
where.   This,  however,  as  I  have  shown,  is  very  far  from  being  the  case. 

'^  Even  for  the  Cleveland  district  I  think  there  are  some  advantages 
in  my  system  which  would  be  valuable ;  at  least  an  eight  years'  experi- 
ence of  my  furnace  suggests  this  view  to  me.  I  may  add,  too,  that 
seventeen  of  my  furnaces  have  been  constructed  on  the  continent,  and 
are  all  at  work  under  almost  entirely  different  conditions.  I  think  this 
letter  is  a  sufficient  reply  to  the  sharp  criticism  of  the  Engineer  to 
which  I  do  not  want  to  reply  in  detail,  not  being  disposed  to  enter  into 
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polemics  with  a  writer  who  makes  inaccurate  statements,  aad  then 
founds  arguments  on  them. 

"I  did  not  put  up  my  system  as  a  new  invention  in  every  particular 
of  its  arrangements,  but  as  a  total  arrangement  it  is  new.  As  such  it 
has  been  acknowledged  by  authorities,  including  the  owners  of  the  sev- 
enteen blast-furnaces  built  on  my  system. 

#  *  #  #  #  •  « 

"  Neusser  Iron-works,  (near  Dusseldorf,) 

"  September  16,  1873." 

OSNABRUCK  IRON  AND   STEEL  WORKS. 

63.  The  Joint-Stock  Company  of  Osnabriick,  province  of  Hanover, 
founded  in  1869,  made  for  the  first  time  an  exhibition  of  its  products 
for  comparison  with  all  others  in  the  International  Exhibition  at  Vienna 
in  1873. 

Of  the  origkial  grand  plan  of  these  works,  only  that  part  is  now  fin- 
ished and  this  year  in  full  operation  which  is  intended  for  the  produc- 
tion of  Bessemer  steel  and  its  applications  for  steel  rails,  wheel-rims, 
axles,  forgings,  &c.,  and  therefore  the  collection  of  objects  on  exhibition 
is  naturally  quite  limited ;  but,  on  account  of  the  origin  and  method  of 
manufacture  of  these  products,  they  are  none  the  less  worthy  of  exam- 
ination. 

The  group  of  objects  outside  of  the  glass  cases  consists  of — 

1st.  Bessemer-steel  axles,  of  which  three  are  rough-forged,  and  serve  as 
a  base  for  a  group  of  wheel-tires;  one  is  a  finished  forged,  and  one  a 
finished  turned,  car-axle,  and  there  is,  moreover,  one  which  was  bent 
double  in  the  cold. 

2d.  Bessemer-steel  tires,  of  which  one  is  finished ;  one  is  the  rough 
forging  for  a  tire,  and  is  without  a  hole ;  the  next  one  is  rough  but  with 
a  hole ;  six  are  rolled  and  finished,  and  of  diameter  from  ^SO"*™  to 
2,420'"™  ;  and  one  was  bent  into  the  form  of  a  figure  8  in  the  cold. 

3d.  Bessemer-steel  rails,  of  which  four  pieces  were  beutinto  a  spiral 
form,  and  one  piece  was  twisted  in  the  cold. 

4th.  Bessemer-steel  forgings,  among  which  are  a  piece  showing  the 
fracture,  a  large  cylinder,  two  broken  pieces  of  axles,  five  different 
proof-pieces  from  the  ends  of  rails,  and  two  forged  ties. 

Under  the  glass  cover  are — 

5th.  Various  proof-pieces  of  Bessemer  steel,  a.nong  which  is  a  hat 
with  a  tassel,  made  from  the  end  of  a  tire. 

6th.  A  collection  showing  the  fractures  of  blocks  of  rough  steel,  foig 
ings,  tires,  and  rails. 

7th.  A  rail-end  and  a  numter  of  sections. 

8th.  Breaking  proofs  of  the  products  obtained  by  the  use  of  different 
kinds  of  iron  and  coke. 

9tb.  Samples  of  infusible  clays  and  various  infusible  substances  used 
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in  the  processes  of  manafactareof  Bessemer  steel,  such  as  tayeres,  stop- 
l>ers,  faunels,  &c. 

The  prodaction,  in  tons,  of  the  OsnabrUck  Iron  and  Steel  Works  has 
been  as  follows : 

First  half 
1S72.       of  1873. 

Bessemer  rough  steel,  in  blocks 217. 42    152. 00 

Finished  rails \ 128. 91    125. 00 

Tires,  axles,  and  forgin<?8 240. 60    100. 00 

Average  laboring  force,  in  1872,  850  men ;  first  half  of  1873,  1,000  men. 

There  have  been  employed  a  Bessemer  plant,  with  two  converters  and 
five  cupola-furnaces;  4  steam-hammers;  a  rolling-mill  for  rolling  rails  ; 
a  rolling-mill  for  tires;  a  machine-shop  for  turning  axles ;  a  foundery, 
with  two  cupola-furnaces  and  one  flame-furnace ;  a  forge,  a  carpenter- 
shop,  a  place  for  the  manufacture  of  fire-brick,  &c. 

The  thirteen  heating-furnaces  were  heated  with  gas,  which  was  gene- 
rated in  eight  Siemens  gas-furnaces. 

Ten  engines,  together  having  1,200  horse-power,  were  used  as  motors. 
The  steam  was  furnished  by  24  boilers. 

A  large  and  a  small  locomotive  were  used  for  transportation. 

For  some  years  previous  Bessemer  steel  had  been  made  almost  exclu- 
sively from  English  hematite  pig-iron,  and  although  the  German  manu- 
facturers had  sometimes  mixed  with  it  a  portion  of  German  pig-iron,  it 
was  reserved  for  the  Osnabruck  Iron  and  Steel  Works  to  make  the 
finest  Bessemer-steel  products  entirely  from  German  materials,  of  which 
the  neighboring  Georgg-Marien  furnace,  with  its  iron  rich  in  manganese, 
furnishes  the  larger  part;  and  though  from  economical  considerations 
the  use  of  English  pig-iron  is  not  wholly  dispensed  with,  it  has  been 
demonstrated  that  when  the  production  of  Bessemer  pig-iron  equals  the 
demand,  the  continental  manufacturers  of  Bessemer  steel  can  dispense 
with  foreign  products. 

The  prejudice  which  has  long  existed  against  the  employment  of  Ger- 
man materials  for  steel-manufacture,  as  well  as  the  hesitation  of  the 
managers  of  railroads  to  employ  Bessemer  stoel  in  the  construction  of 
roads,  cars,  &c.,  have  both  been  overcome,  and  if  Bessemer  steel  cannot 
be  used  in  the  manufacture  of  all  other  steel  articles,  its  present  im- 
proved quality  allows  it  not  only  to  be  used  for  rails,  but  also  to  com- 
I)ete  most  successfully  with  crucible  steel  in  the  general  manufacture  of 
tires,  axles,  and  other  forgings,  on  account  of  its  greater  cheapness. 
Axles  made  entirely  of  German  pig-iron  have  been  tested  by  the  royal 
directors  of  the  Bergisch-Miirkische  Railroad,  and  have  grandly  with- 
stood the  very  severe  tests  of  falling  weights. 

The  problem  of  making  such  a  product  from  material  the  behavior  of 
which  in  the  dififerent  processes  was  uncertain  was  certainly  a  difficult 
one,  but  the  managing  engineer,  Mr.  Schemman,  has  by  perseverance 
succeeded  in  overcoming  all  the  obstlicles  and  difficulties,  after  many 
unsuccessful  experiments,  and  has  solved  the  problem. 
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The  converter  linings,  the  blast-pipes,  and  all  other  requisites  made  of 
fire-clay  which  are  elsewhere  used  for  the  casting  of  steel,  as  well  as 
the  best  of  the  imported  furnace-linings,  especially  proved  themselves 
to  be  of  inferior  quality,  and  only  after  all  those  and  other  requisites  in 
improved  quality  were  manufactured  at  the  home  works  could  the  steel 
produced  reach  a  perfection  which  will  with  difficulty  be  surpassed. 
The  converter-linings  which  are  made  here  have  sometimes  withstood 
75  charges,  and  on  an  average  50  charges. 

Tires  of  2,420*""  diameter  are  made  from  a  massive  block  of  steel  by 
punching  a  hole  and  rolling. 

Kails,  which  are  usually  rolled  60  feet  long,  can,  if  necessary,  be  made 
100  feet  long. 

The  piece  of  a  heavy  shaft  exhibited  represents  some  which  have  been 
lately  made  for  Westphalia,  and  which  were  forged  with  a  fifteen-ton 
trip-hammer. 

The  adoption  of  new  and  improved  machinery  at  the  Osnabiiick  Steel 
Works,  the  fortunate  location  of  the  different  departments  of  the  works 
in  relation  to  one  another,  the  increased  facilities  for  production  on 
account  of  the  additional  buildings  now  in  process  of  erection,  the 
making  of  new  products,  such  as  rolling  steel,  spring-stieel,  sheet-steel, 
&c.,  in  connection  with  the  central  location  at  the  junction  of  three 
railroads,  the  proximity  of  furnaces  and  coal-mines,  with  property  around 
the  works  already  purchased  for  further  enlargements,  secure  to  these 
works  a  very  successful  future,  and  especially  as  local  conditions  allow 
cheaper  living  than  is  possible  elsewhere,  and  therefore  allow  steel  to 
be  more  economicallji  produced. 

geoegsmarien-hOtte  company. 

64.  The  Georgs-Marien  Mining  and  Smelting  Company,  in  addition  to 
its  very  interesting  exhibition  of  ores,  iron,  mining-maps,  and  sections 
of  furnaces,  published  a  very  full  description  of  the  property  of  the  com- 
pany, and  especially  of  the  benevolent  institutions  founded  for  the  benefit 
of  the  workmen.  This  brochure,  in  German,*  has  been  freely  drawn 
upon  for  the  following  information,  translated  from  its  pages. 

The  origin  and  development  of  the  works. — The  Georgs-Marien  Mining 
and  Metallurgical  Company  was  organized  in  the  year  1856,  as  a  joint- 
stock  company  for  mining  iron-ore,  coal,  and  other  minerals,  and  also 
for  the  production  of  iron  and  other  materials  from  them. 

The  capital  stock  is  2,500,000  thalers,  of  which  1,500,000  thalers  were 
immediately  expended,  and  650,000  thalers  more,  making  a  total  outlay 
of  2,150,000  thalers.  Besides  this,  a  loan  of  700,000  thalers  was  con- 
tracted, but  which  is  now  being  rapidly  paid.  The  company  bought,  in 
1856,  the  mining-privileges  of  their  present  property,  "Heilgel  I,''  a  bed 

*  Beechreibttiig  der  Verhdltnisse  und  Einrichtungen  der  Georgs-Marien- Hiitte  ftet  Oindbriickt 
Auesgesiellt  unter  Gruppe  /,  Nro,  8G42.  auf  der  Internationalen  AussteUung  inWien  im  Jahre 
1873.    OsnahrUck,  Drxick  von  J.  G.  KUlivg,  1S73.    4to.    Pp.  21.    Plates. 
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of  iron-ore,  containing  4,SI5,500  square  meters,  at  Beckerode,  near  Os. 
nabriick,  with  the  furnaces  and  machine-works  that  were  upon  it.  The 
company  also  bought  various  other  beds  of  clay  and  bog-iron  ore  in  the 
count^^  of  OsnabrUck,  and  received,  in  1856,  a  grant  of  the  coal  and  iron 
fields  of  Gliickauf;  in  1857,  of  those  in  Dorenberg,  and  in  1858,  of  those 
in  Hilterberg.  These  fields  together  have  an  area  of  48,220,(]flOO  square 
meters.  Moreover,  in  1805,  the  company  received  a  grant  of  the  iron- 
beds  of  Hugel  II,  with  an  area  of  3,721,000  square  meters. 

The  iron-ore  beds  Hugel  I  and  Hiigel  II  lie  ou  the  so-called  Hiigel, 
which  is  a  mountain-ridge  (one  of  the  spurs  of  the  Teutoburger  forest) 
one  and  a  half  miles  southwest  from  the  city  of  Osnabriick.  Brown  and 
spathic  iron-ores  are  chiefly  obtained  from  them. 

The  coalfields  of  Gliickauf,  Dorenberg,  and  Hilterberg  lie  in  the  forest 
clay-formation  of  the  Osning  Mountains,  or  the  Burger  Mountains, 
one  and  a  half  to  two  miles  southeast  of  the  city  of  Osnabriick. 

It  was  the  intention  of  the  company  to  connect  all  their  mines  of  coal 
and  iron  by  a  railroad  running  east  and  west,  and  then  to  establish  at 
some  suitable  point  extensive  smelting-works,  which  should  be  inde- 
pendent of  the  precarious  production  of  charcoal,  and  be  supplied  with 
coke.  The  location  of  these  works  was  especially  dependent  upon  a  suf- 
ficient supply  of  running  water,  which  was  found  in  the  valley  of  the 
Diite.  The  space  for  the  location  of  the  works  was  purchased  from  the 
government  of  Hanover. 

The  building  of  the  works  was  rapidly  carried  forward,  and  in  1858  a 
coke-furnace  was  in  operation.  The  transportation  of  the  materials  from 
the  iron-ore  fields  at  Hiigel,  and  the  coal  fields  at  Oesede  and  Borgloh, 
was  done  at  that  time  by  horse-power  on  roads  constructed  by  the  com- 
pany. 

The  great  amount  of  water  in  the  Diite  Valley,  and  the  insuflficiency 
of  the  machinery  for  its  control,  made  the  working  of  the  coal-mines 
peculiarly  difiicult  and  expensive.  Coal  could  be  obtained  cheaper  from 
Dortmund,  and  in  1866  the  working  of  the  coal-mines  of  the  DUte  was 
provisionally  stopped.  The  same  combination  of  circumstances  worked 
against  the  other  coal-miaes,  so  that  after  due  deliberation  the  plan  of 
building  a  railroad  between  the  works  and  the  coal-mines  was  aban- 
doned, and  the  construction  of  a  railroad  between  the  works  and  the 
mines  at  Hiigel  and  the  Westphalian  collieries  was  taken  up  with  vigor, 
and  in  1870  railroad  communication  was  established  with  the  great  thor- 
oughfare of  the  Goln-Mindener  Bailroad. 

The  construction  of  the  Hamm-OsnabrUck  Kailroad,  which  is  now  pro- 
gressing, will  connect  the  coal-mines  of  the  company  directly  with  all 
other  points,  and  wrll  enable  the  company  to  work  them  to  advantage. 

The  company  has  now  the  sole  management  of  the  railroad  between 
Oesede  and  Hasbergen,  and  also  that  from  Domprobst  and  Sundern  to 
Bothenberg,  and  uses  upon  these  railroads  five  locomotives  and  hun- 
dreds of  freight-cars,  besides  passenger-cars ;  and  th'^y  use  the  same  not 
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only  for  their  own  business,  bat  do  a  steadily-growing  general  carrying- 
business. 

The  working  of  the  little  charcoal-famace  and  rolling-mill  at  Becke- 
rode  has  been  suspended  and  superseded  by  coke-burning  furnaces. 
The  price  of  charcoal  is  constantly  rising,  while  the  quality  of  coke  is 
rapidly  improving,  and  therefore  the  company  is  able  to  produce  a 
better  quality  of  pig-iron  at  a  much  less  cost  than  formerly. 

The  products  of  the  Georgs-Marien  Works  have  been  principally  sold 
to  the  steel,  puddling,  and  rolling  works  of  Westphalia  for  the  manu- 
facture of  articles  of  the  best  quality.  The  iron  competes  favorably 
with  the  better  kinds  of  pig-iron  from  Seigerlaud. 

The  rolling-mill  and  machine-works  at  Beckerode  were  too  small  and 
their  sales  too  insignificant  to  justify  their  continuance.  These  works 
were  therefore  incorporated  with  the  Georgs-Marien  Works,  which  were 
then  approaching  completion ;  and  the  Beckerode  shops  were  used  for 
the  construction  of  steam-boilers,  mostly  for  home  use,  and  in  repairing 
machinery,  using  a  small  water-power  as  motor,  while  some  of  their 
workmen  with  their  families  lived  in  the  house  of  the  company  at  Beck- 
erode or  in  the  neighboring  villages. 

Although  the  Georgs-Marien  Works  have  not  yet  reached  their  full 
development,  either  in  their  means  or  their  production,  in  consequence 
of  the  imperfection  of  communication,  yet  the  size  and  technical 
arrangements,  the  quality  and  quantity  of  their  productions,  and,  not 
the  least  consideration,  the  number  of  workmen  employed  and  the  ex- 
cellent accommodations  for  their  welfare  and  happiness,  give  the  works 
a  right  to  claim  a  conspicuous  place  among  their  competitors. 

The  company  owns,  besides  the  already-mentioned  railroads  and  equip- 
ments, 6  finished  blast-furnaces,  of  which  5  are  in  blast,  each  having 
3  hot  blasts,  each  one  of  which  has  a  heating-surface  of  140  square 
meters,  the  apparatus  being  of  a  peculiar  construction,  made  with  hang- 
ing pipes.  There  are  14  crushing-machines  and  5  horizontal  blast- 
engines. 

There  are,  besides  these,  various  other  stationary  engines  for  diflferent 
purposes,  with  54  boilers  of  diflferent  construction,  having  together  3,700 
square  meters  of  heating-surface  and  2,500  horsepower.  The  requisite 
coke  is  produced  by  300  coke-furnaces,  and  the  gas  thus  obtained  is 
used  as  fuel  for  ihe  boilers.  A  machine-shop  and  foundery  are  employed 
as  an  auxiliary  to  the  works  and  the  mines,  for  the  manufacture  of  the 
tubes,  ore-breakers,  machines,  &c.,  that  are  needed.  The  machine-shop 
has  an  engine  and  about  40  working  machines,  and  all  the  apparatus 
necessary  for  the  construction  and  repairing  of  engines  and  machines. 
Its  annual  production  is  estimated  to  be  worth  130,000  thalers.  The 
foundery  has  a  blast-cylinder,  2  Irish  cupola-furnaces  capable  of  melting 
from  3,500  to  5,000  kilograms  per  hour,  derricks,  and  all  the  acces- 
sory apparatus,  and  is  ciipable  of  producing  two  million  kilograms  of 
castings  per  annum. 
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The  blast-faro  aces  produced  in  1872  53,118,100  kilograms  of  pig- 
iron,  valaed  at  1,883,000  thaler;  while  in  18G7  the  prod  action  was  bat 
32,473,890  kilograms^  valaed  at  920,000  thaler. 

it  Bhoald  be  noted  that  of  this  prodaction,  in  1872,  70  per  cent,  was 
Bessemer  pig,  and  30  per  cent,  was  a  good  qaality  for  paddling,  while, 
in  1867,  28  per  cent,  was  Bessemer  pig,  and  72  per  cent,  was  good  pad- 
dling-iron. 

By  means  of  a  pecaliar  coatrivance  connected  with  the  blast-fa rnaces 
the  greater  part  of  the  slag  from  them  is  granulated,  and  thus  it  is  capa* 
ble  of  being  used  for  a  variety  of  purposes,  for  ei^ample,  a$  a  packing 
aroaud  railroad-sleepers,  in  the  maaufftcture  of  mortar,  goo4  bcicks,  &c. 

A  new  contrivance,  the  invention  of  the  director,  >Ir.  LiiviiMboi)^  ia  of 
great  value.  The  front  hearth  of  the  coking  furnaces  is  done  aw%y  withy 
and  the  furnaces  are  tightly  closed  by  a  form  made  of  slag  and  cooled 
with  water. 

The  company  is  creeling  gas*works,  to  make  snffieient  for  1,000  barit- 
ers.    It  will  be  used  in  the  works  and  the  colony  of  laborers. 

The  raising  and  transportation  of  the  ore  is  done  by  7  stationary 
eoi^ines  and  5  looomotivea,  ran  by  18  steam-boilers,  having  a  heating- 
Borfaee  of  501  square  meters,  not  counting  8  horse-power  above  and  4 
horse-power  under  ground,  in  addition  to  that  mentioned^ 

The  qnantity  and  value  of  ore  raised  at  Hiigel  in  1867  and  in  1872 
were:. 
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18«7  ... 
1872  „, 


Ore,   kilor 
grams. 


Value, 
t  balers. 


«i»  11.  ■— y^^- 


160, 722, 000 
222,769,365 


69,964 
183,590 


I*  I     ^^^^p^'^— 


The  whole  works  of  the  GeorgSrMariea  Company  employ  1  general 
director^  1  metallurgical  director,  1  mining  director,  1  director  of  the 
machine-works,  35  men  for  overseers  and  office-service,  and  1,600  work- 
men, distributed  as  follows : 

At  the  blast-furnaces 450 

At  the  foundery 80 

At  the  machine-shop 140 

On  the  railroad 80 

Carpenters,  builders,  masons 110 

Miners  at  Hiigel  I ^. 650 

Day  laborers , 90 


1,600 


The  company  was  awarded  a  medal  at  the  International  Exhibition 
at  London  in  1862,  and  in  1867  it  received  a  silver  medal  at  the  exhibi- 
tion in  Paris,  for  the  good  quality  of  the  pigiron  produced. 
7  I 
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The  prosperity  of  the  works  is  showD  by  the  divideads  paid  to  the 
stockholders  in  the  past  four  years,  as  follows :  1868-'G9,  10  per  cent; 
1869-70, 10  per  ceut.;  1870-71,  8  per  cent ;  1871-72, 16  per  cent 

65.  Institutions  and  associations  foe  the  physical  and  men- 
tal WELFARE  OF  THE   W0RK3MCEN   AT   GBORGS-MARIEN-HUTTE.— The 

Georgs-Manen  Joint-Stock  Company  differs  very  materially  from  most 
manufacturing  companies  in  that  it  not  only  aims  to  give  the  share- 
holders the  largest  dividends  possible,  but  besides  its  industrial  purposes 
it  seeks  to  promote  the  welfare  of  the  working  classes,  by  forn^iug  a 
community  of  them,  and  establishing  and  supporting  for  them  churches, 
schools,  clubs,  associations,  and  other 'beneficial  institutions.  Deeming 
this  the  surest  way  of  accomplishing  its  purposes,  the  company  has  made 
this  work  one  of  its  first  and  chief  efforts. 

The  company  was  obliged  to  create  a  new  industry  in  a  part  of  the 
country  where  the  prospects  for  the  future  were  good  enough  to  justify 
considerable  preparations  and  the  attempt  to  benefit  the  poor  laboring 
classes  of  the  surrounding  villages. 

This  was  a  great  undertaking,  for  at  the  time  of  the  founding  of  the 
works  they  were  at  the  distance  of  a  half  au  hour's  ride  from  the  larger 
country  roads,  and  could  only  be  reached  by  primitive  lanes  and  by- 
ways, as  was  also  the  case  with  the  small  villages.  Therefore  roads 
had  to  be  constructed  to  the  newly-acquired  coal-fields  and  iron-mines, 
while  all  the  old  roads  had  to  be  improved. 

The  inhabitants  of  the  district  were  for  the  most  part  farmers,  and  for 
the  few  such  as  had  spare  time  there  were  always  chances  enough  for 
employment  at  the  neighboring  coal-fields.  This  had  its  advantages 
for  them,  since  the  laborers  at  the  works  would  be  obliged  to  devote  all 
their  time  to  it,  while  at  the  coal-mines  the  mining  being  done  by  shifts, 
working  eight  hours  each,  they  had  sufficient  time  to  work  their  fields 
also.  Under  the  existing  circumstances  most  of  the  inhabitants  of  the 
district  could  not  take  steady  employment  at  the  new  works,  and  even 
those  who  might  have  done  so  could  only  be  prevailed  upon  by  the  offer 
of  higher  wages,  and  even  then  they  were  very  slow  to  come  and  begin 
work  for  the  ^<  strangers."  It  was,  therefore,  an  unavoidable  necessity 
to  engage  laborers  from  remote  parts  of  the  country,  and  for  whom  in 
this  very  thinly-settled  district  habitations  and  boarding-facilities  could 
not  be  found. 

66.  Houses, — Thus  the  company  was  forced  at  the  outset,  and  before 
any  technical  work  could  be  begun,  to  provide  houses  for  their  work- 
men, on  a  plan  which  of  course  could  not  satisfy  all  demands  for  com.- 
fortable  living,  but  which  would  permit  of  the  speediest  completion  and 
give  shelter  to  as  many  as  possible.  These  houses  were  built  with  a 
frame-work  as  general  lodging-houses,  but  so  that  they  might  afterward 
be  converted  into  dwellings  by  the  erection  of  partitions.  Nineteen  of 
these  houses  were  so  built,  and  are  known  as  ^^  lodging-houses." 

Afterward,  as  the  number  of  steady  and  settled  employes  increased, 
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and  there  was  more  opportanity  for  deliberation  and  forethought  in 
building,  more  regard  coald  be  given  to  the  lasting  comfort  of  the 
workingmen.  Houses  were  built  upon  the  same  plan,  for  but  two  fam- 
ilies, and  so  that  each  family  had  a  separate  entrance,  shed,  and  yard. 
The  disadvantages  of  these  houses  were  the  same  as  with  the  lodging- 
houses:  slight  frames,  low  ceilings,  small  windows,  and  insufficient 
ventilation.  Then  the  sheds  for  stabling,  &c.,  were  so  closely  connected 
with  the  houses  that  they  were  unhealthy  and  not  durable. 

After  finishing  the  above-described  dwellings  in  1859,  the  company 
decided  not  to  enlarge  the  colony  on  this<plan,  believing  that  the  work- 
men could  be  induced  to  take  tbe  matter  into  their  own  hands,  and 
secure  for  themselves  an  independent  homestead,  and  that  the  company 
would  thereby  secure  a  set  of  steady,  interested  laborers.  To  this  end 
a  building-plot  of  thirty  square  rods,  at  a  standard  price,  and  an  ad- 
vance of  cash  to  aid  in  the  erection  of  the  proposed  building,  was  offered 
to  each  workman.  The  workman  had  to  pay  4  per  cent,  interest  on 
this  sum,  and,  moreover,  allow  the  company  to  retain  and  apply  such  a 
proportion  of  his  monthly  earnings  that  the  property  would  be  un- 
incumbered in  the  course  of  fifteen  years. 

The  conditions  for  the  granting  of  the  loan  were — 

1st.  That  the  plan  of  the  proposed  house  should  have  the  approval  of 
the  architect  appointed  by  the  company. 

2d.  That  the  building  of  the  house  should  be  under  the  supervision 
and  coBtrol  of  the  company's  architect,  in  order  to  protect  the  builder 
against  frai&d,  and  in  order  that  the  company's  money  should  be  ex- 
pended for  this  stated  purpose  only. 

3d.  That  the  laborer  should  himself  furnish  a  part  of  the  neces- 
sary capital. 

This  last  clause  was  never  fully  enforced,  and  this  was  the  first  cause 
which  led  to  the  failure  of  this  plan. 

Very  soon  after  the  adoption  of  this  plan  a  number  of  workmen  made 
application  to  obtain  the  offered  privilege  and  to  build  their  own  houses. 
In  the  course  of  building  it  would  often  be  the  case  that  enlargements 
would  be  made,  and  alterations  of  the  original  plan,  which  would  de- 
mand a  greater  outlay  than  at  first  contemplated.  Then  the  furnishing 
of  the  new  house  would  cost  much  more  than  was  expected.  In  almost 
every  case  the  capital  needed  from  the  company  exceeded  the  original 
demand.  It  resulted  that  the  payment  of  the  interest  and  the  monthly 
deductions  from  the  wages  were  too  burdensome  for  many  of  the  men, 
and,  as  a  natural  consequence,  some  of  the  houses  were  sold  to  third 
parties  who  were  not  interested  in  the  success  of  the  company,  and 
thereby  the  good  intentions  of  the  latter  were  more  or  less  frustrated. 

To  avoid  these  evils,  the  third  clause  was  amended  so  as  to  read  that 
the  applicant  for  a  lot  and  loan  should  i>08sess  at  least  a  half  of  the 
needed  capital.  Under  this  condition  it  was  thought  that  the  builder 
would  at  least  be  more  considerate  in  the  use  of  his  means;  but  the  re- 
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salt  of  this  experiment  was  the  total  suspension  of  bailding  by  the 
workmen,  and  the  company  was  again  forced  to  erect  hpases  for  their 
men,  although  much  against  its  inclination.  After  due  consideration,  a 
new  and  well-approved  plan  was  adopted,  and  upon  it  sixteen  new 
dwellings  were  built  as  an  experiment,  and  these  having  given  entire 
satisfaction,  the  number  will  be  incredtsed  in  the  course  of  this  year  by 
the  addition  of  forty-four  more. 

The  dwellings  are  judiciously  separated  from  one  another,  as  they 
also  are  from  the  sheds,  yards,  &c.  The  entranqes  to  the  houses  are 
opposite  each  other ;  the  rooms  are  high  and  airy.  On  the  first  floor  are 
a  sitting-room,  bed-room,  and  kitchen ;  on  the  upper  floor  either  one 
large  chamber  or  two  small  ones.  The  cellar  is  large  enough  to  bold 
the  winter-stores,  and  is  entered  fiom  the  kitchen.  The  shed  has  two 
compartments — one  for  a  pig  and  one  .for  a  goat,  and  room  above  for 
wiuter-fodder.  A  garden  of  from  15  to  20  square  rods  is  connected 
with  each  dwelling. 

The  walls  of  the  houses  are  made  of  the  bricks  made  of  slag,  and  a 
space  of  2^  inches  is  left  between  the  walls,  rendering  the  dwellings  per- 
fectly dry. 

The  best  evidence  of  the  adaptation  and  desirableness  of  these  dwell- 
ings to  the  workmen  is  furnished  by  the  fact  that  it  is  looked  upon  as  a 
reward  and  a  special  privilege  to  obtain  one  from  the  company. 

The  officers  of  the  company,  who  originally  had  to  live  either  in  lodg- 
ing-houses or  other  public  places,  are  now  also  better  provided  for. 
Special  buildings  have  been  erected  fpr  them.  These  houses  contain  on 
the  first  floor  Ave  rooms  and  two  chambers,  and  on  the  npper  flpor  six 
more  rooms.  In  the  basement  are  the  kitchen,  pantry,  and  cellar  room. 
In  the  rear  are  sheds  similar  to  those  of  the  laborers,  with  a  garden- 
plot  of  about  thirty  square  rods,  for  the  cultivation  of  vegetables.  The 
company  owns  now  six  houses  for  officers,  and  one  so-called  director's 
house. 

Differiog  a  little  from  the  above-described  family  double  dwellings 
are  the  houses  for  the  foremen  and  lower  officers  of  the  works.  They 
contain  two  sitting-rooms,  two  chaoibers,  and  basement.  There  are 
now  four  of  these  houses  built,  and  four  more  in  the  course  of  erection, 
which  will  be  finished  this  year.  The  possession  by  the  company  of  so 
much  fertile  land  enables  them  to  lease  to  their  workmen  who  desire  it 
a  plot  of  ground  for  farming,  and  this  has  proved  to  be  a  great  advan- 
tage to  them.  It  is  a  fact  worthy  of  note  that  in  this  way  eighty  acres 
of  rough  land  have  been  cleared  and  made  suitable  for  cultivation,  or 
converted  into  building-lots.  The  land  is  leased  at  a  fixed  price,  and 
the  different  lots  distributed  by  ballot  (unopg  the  WQrl^uien. 

As  has  been  already  mentioned,  th^  works  are  too  distant  from  other 
communities  to  receive  from  them  any  of  the  benefits  of  social  life.  It 
was  therefore  necessary  to  organize  au  independent  community,  an4  to 
provide  means  for  the  solemnization  of  marriage,  baptism,  and  death. 
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The  now  existing  coniinnuity  was  organized  in  18C0  nnder  the  name  of 
*'  Georgs-Marien-Hntte." 

It  is  e\rident  that  a  united  Coinmanity  can  only  exist  as  such  when 
properly  prdvitled  with  all  the  requisite  arrangements  and  necessary 
i  nstittitions  for  the  bodily,  mental,  and  moral  welfare  of  its  members, 
such  as  churches,  schools,  hospitals,  and  other  associations. 

67.  Schools  at  Oeorgs-MarienSHtte. — In  January,  1857,  the  first 
evangelical  private  school  was  opehed  with  22  children,  and  at  Easter, 
in  1862,  the  same  was  re-opened  as  a  public  school  with  two  classes 
and  180  children.  For  this  purpose  an  evangelical  school  society  was 
formed,  in  which  the  inhabitants  of  the  surrounding  villages  were 
received,  whose  children  had,  till  that  time,  received  their  education  in 
the  existing  Roman  Oatholic  schools  abd  their  religious  institutions  in 
the  city  of  Osuabrtick,  some  five  miles  distant.  There  are,  at  present, 
some  280  children  in  the  community  schools,  divided  into  four  classes, 
under  four  good  teachers.  Another  school,  situated  near  the  iron-mines 
at  Bothehberg,  has  been  established  by  the  company. 

The  school-house  building  contains  four  large  school-rooms,  one  con- 
firmatory, three  dwellihgs  for  taarried  teachers,  and  one  dwelling  for  an 
unmarried  one,  which  can,  when  needed,  be  easily  converted  into 
another  large  school-room  for  a  fifth  class  by*taking  down  the  partition. 
The  southern  part  of  the  building  was  erected  in  1864,  and  consisted  of 
two  large  school-rooms,  which,  wh^en  the  large  double  folding-doors 
-were  opened,  were  converted  into  one,  and  used  for  prayer-meetings. 
In  1868  the  third  cla^s-room,  and  in  1833  the  fourth  class-room,  were 
added. 

The  rapid  growth  of  the  school  soon  made  the  room  too  small,  and 
provision  had  to  be  made  for  the  increase  of  pupils  by  obtaining  rooms 
in  private  houses,  and  it  was  only  possible  in  1872  to  finish  the  northern 
part  of  the  building  and  unite  all  classes  under  a  single  roof.  For  the 
accommodation  of  the  Catholic  members  of  the  community,  represented 
by  about  60  children,  the  company  established  a  temporary  school  in 
1871.  This  house  contains  a  large  school-room,  which  is  also  used  for 
•divine  worship,  and  also  apartments  for  the  teacher. 

The  directors  of  the  company  are  the  patrons  of  the  evangelical  school, 
and  this  gives  them  the  privilege  of  nominating  three  teachers,  the  other 
being  chosen  by  the  state. 

68.  Churches, — As  already  stated,  the  rooms  of  the  evangelical  school- 
house,  as  well  as  of  the  Catholic,  were  constructed  with  the  intention  of 
using  them  provisionally  for  divine  service.  Although  the  need  of  a 
minister  of  the  gospel  was  keenly  felt  by  the  members  of  the  community, 
since  the  nearest  place  of  worship  was  about  five  miles  distant,  it  was 
not  until  1867  that  an  evangelical,  and  until  1872  that  a  Boman,  priest 
<^ould  be  engaged,  and  the  building  of  churches  is  now  taken  in  hand 
by  the  respective  congregations. 

69.  Ividustrial  schools. — Near  the  elementary  school  there  is  a  high  or 
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advanced  school  for  the.older  boys  and  the  younger  workmen.  Instruc- 
tion is  given  by  the  regular  teachers,  and  by  the  engineers  of  the  com- 
pany, on  every  Monday,  Tuesday,  and  Thursday  evening ;  also,  on  .Sun- 
day  mornings  before  church-time.  Instruction  is  given  in  the  following 
branches :  German  and  English  languages,  technical  and  ornamental 
drawing,  arithmetic,  writing,  physics,  and  cosmogony.  The  younger 
workmen  during  their  apprenticeship  are  obliged  to  attend  this  school, 
which  numbers,  at  present,  about  30  pupils. 

A  girls'  industrial  school  has  also  been  established,  where,  under  the 
guidance  of  a  female  teacher  and  some  of  the  able  housewives  of  the 
officials,  the  girls  are  instructed  in  knitting,  sewing,  and  all  other  neces* 
sary  handiwork. 

Similar  schools  have  been  established  also  at  the  colony  Bothenberg 
for  young  miners  and  girls,  and  they  are  well  patronized. 

70.  lAbrarieB. — Close  by  the  schools  stand  the  public  libraries.  They 
were  founded  in  1862,  and  contain  now  about  800  volumes,  some  of 
which  are  very  valuable.  The  first  and  second  teachers  of  the  evangel- 
ical schools  act  as  librarians.  The  books  are  in  great  demand  by  the 
workmen,  especially  during  the  long  winter  evenings. 

71.  C<mrt  of  justice. — We  cannot  close  this  account  of  the  institutions 
of  the  community  without  mentioning  the  peculiar  court  of  lustice  which 
is  one  of  the  greatest  blessings  in  the  place. 

The  court  of  justice,  or  the  peace  society,  strives  for  an  adjustment  of 
all  controversies,  without  the  intervention  of  the  courts  and  the  pro- 
cesses of  the  law.    Members  of  this  society  are — 

1st.  All  the  employes  of  the  company. 

2d.  All  others  who  dwell  on  the  company's  grounds,  and  who  have 
pledged  themselves  by  signing  the  consticution  and  by-laws  of  the 
society. 

For  the  settlement  of  all  differences  between  the  members,  nine  jus- 
tices of  the  peace  are  chosen  from  among  the  members  of  the  society^ 
to  serve  for  the  term  of  one  year.  The  meeting  of  this  court  is  not 
held  at  definite,  stated  times,  but  whenever  required,  and  the  time  of 
meeting  is  made  known  by  public  proclamation. 

The  members  of  the  society  are  bound,  in  all  differences  between 
themselves,  to  call  on  this  court  before  entering  suit  in  any  other  court 
of  law,  or  before  denouncing  one  another.  The  parties  must  appear 
personally,  and  all  connselors,  except  members  of  the  family,  are  ex- 
eluded. 

This  court  of  public  peace  was  founded  in  18G5,  and  had  in  the  be- 
ginning its  hands  full  of  minor  cases  of  every  kind  and  description,  but 
the  fact  that  its  decisions  were  impartial  and  plain,  and  that  the  guilty 
parties  had  to  submit  generally  to  a  severe  rebuke  in  the  presence  of  a 
great  number  of  their  friends  and  comrades,  caused  it  to  be  feared  even 
more  than  the  courts  of  the  state. 

72.  The  tcorkingmen'8  a&sociation. — This  society  is  based  upon  the  mu- 
tual-benefit plan.    It  secures  to  its  members — 
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edical  aid  and  care,  free  of  expense  in  case  of  sickness. 

2d.  Compensation  for  wages  lost  during  sickness,  at  the  rate  of  one- 
half  the  regular  wages,  at  the  maximum  of  12^  silbergroschen  per  day. 

3d.' A  life-long  pension  to  invalid  members  of  from  20  to  50  per  cent. 
of  their  ordinary  wages,  and  even  the  whole  amount  of  wages  in  ex- 
ceptional cases ;  25  thaler  per  month  is  the  highest. 

4th.  One-third  of  the  pension  of  a  deceased  member  to  his  widow. 

5th.  Support  and  education  for  the  children  of  deceased  or  invalid' 
members  until  confirmation,  (generally  at  the  age  of  14.)  In  exceptionab 
cases  support  is  given  even  till  they  have  reached  the  age  of  20  years. 

6th.  Assistance  at  burials^  sometimes  payment  of  the  whole  expense 

Tbe  funds  of  the  society  are  divided  into  three  classes — 1st.  Sickness- 
fund  ',  2d.  Pension-fund ;  and,  dd.  Capital-fund. 

Every  workman  has  to  contribute  to  the  first  class.  They  can  con- 
tribute to  the  second  class  under  certain  conditions.  All  those  who  con- 
tribute to  the  first  fund  only  are  designated  as  <'  unsettled ''  workmen, 
while  those  who  contribute  to  both  funds  are.  classified  as  ^' settled^ 
workmen. 

In  1872  the  association  numbered  1,535  members;  ''settled'^  mem- 
bers, 412  ;  invalids,  2;  widows,  13;  children  to  be  supported,  46. 

There  were  spent  in  1872  : 

Thaler. 

In  cases  of  sickness ,  11, 115 

Pensions ■ 770 

Exceptional  support • , .  112 

Burial  expenses 92 

Society  expenses  and  sundries 443 

12, 572 
Income 20, 217 

Surplus 7, 645 

The  cash  capital  of  the  association,  exclusive  of  furniture,  amounted 
to  39,063  thaler  at  the  end  of  the  year  1872. 

73.  Hospital — For  the  care  and  treatment  of  the  sick,  a  well-fur- 
nished hospital  is  provided.  -  It  is  under  the  care  of  an  excellent  resident 
physician  and  nurses,  and  has  a  drug-store  attached.  Tbe  hospital  was 
at  first  located  in  one  of  the  lodging-houses,  but  now  is  in  an  inde- 
pendent building  erected  for  the  purpose  by  the  company,  and  placed 
at  the  disposal  of  the  ''  Workingmen's  Association,"  free  of  charge. 

For  all  technical  establishments  of  this  magnitude  a  hospital  is 
indispensable,  and  especially  is  it  important  here ;  for  the  workmen  are 
scattered  over  a  large  area,  so  that  it  would  be  very  difficult,  if  not 
impossible,  for  the  physician  to  pay  the  necessary  attention  to  his 
patients  in  case  of  accident  or  severe  sickness.  In  the  year  1872  there 
were  3,345  cases  of  sickness,  making  an  aggregate  of  17,396  days  of 
sickness,  to  which  the  physician  would  never  have  been  able  to  attend 
wefe  it  not  for  the  hospital. 
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The  hospital  Steward  is  the  assistant  to  the  physician,  and  he  pro- 
vides for  the  inmates  at  certain  fixed  rates  .of  compensation.  There 
are  two  nurses.  Charges  are  made  to  the  workmen  according  to  their 
earnings,  the  company  paying  at  the  least  one-half  of  all  that  paid  by 
the  workmen. 

The  administration  of  the  affairs  of  the  Workinginen^^  Association  is 
under  the  control  of— 

1st.  A  board,  consisting  of  four  members,  two  of  whom  are  chosen  by 
the  workmen,  and  the  other  two  by  the  superihtendent  of  the  works. 

2d.  A  certain  nnmber  (at  present  four)  of  the  oMer  regular  or  settled 
workmen. 

It  may  be  regarded  as  strange  that  so  small  an  amount  has  been 
paid  from  the  relief-fund  of  the  associatioa  for  the  aid  of  its  members  ; 
bat,  besides  this  fund,  there  are  several  other  flinds  from  which,  under 
the  able  administration  of  the  board,  large  sums  are  given  for  the  wel- 
fare and  benefit  of  the  workmen. 

The  principal  of  these  funds  Is  the  ^'  workingmen's  deposit-futid," 
which  was  established  by  a  donation  of  4,000  thaler  in  1866,  and  dotia- 
tions  have  been  made  most  liberally  by  the  stockholders,  and  were  2,827 
thaler  in  amount  in  1867  y  6,502  in  1868 ;  6,775  in  1869 ;  5,830  in  1870 ; 
10,979  in  1871 5  6,823  in  1872.  The  accounts  of  the  board  which  con- 
trols these  funds  are  examined  by  a  supervising  co  mmittee  appointed 
by  the  stockholders. 

The  other  five  funds  are  mostly  for  special  purposes ;   one,  for  instance, 

for  the  education  of  the  sons  of  workmen  who  pro  ve  able  and  worthy ; 

one  to  give  Christmas  presents  to  poor  children ;  o  nc  for  extra  support 

of  orphans.    All  these  funds  are  under  the  controlling  sni)ervision  of 

the  directors  of  the  works. 

Besides  those  organizations  which,  like  the  workingmen's  association, 
aj:*e  supported  by  fixed  dues  from  the  workmen  who  belong  to  them,  and 
by  donations  from  other  interested  parties,  there  are  other  very  benefi- 
cial organizations  which  have  been  established  by  the  administration  of 
the  works.    One  of  these  is  the — 

74.  Stare-union, — ^This  is  established  for  the  pu  rpose  of  enabling  its 
meml)ers  to  obtain  the  necessaries  of  life  of*good  quality  and  at  reason- 
able prices,  and  thereby  to  enable  them  to  lessen  t  heir  daily  expense?, 
and  effect  a  saving.  To  this  end  contracts  were  made  with  different 
trading-houses  and  store-keepers,  binding  them  to  sell  good  articles  at 
fixed  prices,  and  at  a  certain  percentage  on  the  cost.  The  association 
'  has  also  opened  stores  itself,  such  as  grocery,  hardware,  shoe,  crockery- 
stores,  &c.  A  bakery  was  established  in  1872,  and  a  butcher's  stand  is 
being  started. 

Every  workman  who  will  comply  with  the  rules  and  regulations  can 
become  a  member.  All  the  goods  bought  at  the  stores  of  the  associa 
tion  or  of  the  traders  under  its  control  are  paid  for  on  delivery  with 
tokens,  which  are  afterward  exchanged  at  the  treasury  of  the  company 
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for  cash,  and  entered  oa  the  acoouat  of  the  buyer.  The  profits  made 
by  the  stores  in  trade  are  divided  among  the  members  according  to  the 
amoont  of  goods  entered  apon  their  pass-books.  When  this  dividend 
is  due  they  can  draw  the  sum  to  their  credit  above  three  thaler  at  the 
treasury,  or  it  can  remain  there  bearing  5  per  cent,  interest,  but  the 
amount  must  not  exceed  300  thaler,  as  this  is  the  limit  pf  capital  of 
one  individual  in  the  store*union,  allowed  by  the  constitution. 

This  union  is  managed  by  a  board  of  seven  directors,  four  at  least  of 
whom  are  chosen  from  among  the  workingmen.  As  the  store-buildings 
belong  at  present  to  the  company,  it  supervises  the  affairs  of  the  union, 
bat  the  control  will  pass  into  the  hands  of  the  association  as  S3on  as 
the  reserve-funds  have  accumulated  to  make  a  capital  sufficiently  large 
to  warrant  the  independent  maintenance  of  the  association. 

The  following  statement  shows  the  amount  of  business  done  by  the 
anion :  Capital  deposited  at  the  end  of  1872,  15,549  thalers.  Sales  in 
this  year,  17,768  thalers.  Glear  profits,  1,906  thalers,  which,  being  di- 
vided among  the  members,  after  deducting  the  three  thaler  for  the  re- 
serve fund,  gave  to  each  man  a  profit  of  3^  silbergroschen  to  every 
thaler  paid  out  in  tokens. 

75.  iK^ging-houses, — As  beneficial  to  the  bodily  welfare  of  the  work- 
men, the  lodging-house  is  noticeable.  It  has  been  often  necessary  to 
engage  largo  numbers  of  temporary  workmen  for  the  creation  of  exten- 
sive improvements,  and  at  such  times  the  want  of  places  for  lodging 
was  strongly  felt.  The  erection  of  barracks  helped  somewhat,  but  it  was 
soon  decided  to  furnish  for  this  purpose  permanent  substantial  buildings. 
The  first  buildings  for  this  purpose  were  erected  in  1870,  one  at  the 
colony  neat  Bothenberg  iron-mines,  and  the  other  at  the  Georgs-Marien 
Works.  The  first-mentioned  will  soon  be  replaced  by  a  larger  one,  but 
the  latter  has  proved  sufficient.  Small  rooms  are  provided  for  the  ac- 
commodation of  the  young  men,  where  they  may  occupy  their  leisure 
hours  in  study  or  literary  pursuits  without  disturbance. 

76.  Club-home, — Quite  recently  it  was  thought  possible  to  do  some- 
thing for  the  social  needs  of  the  workmen  bj'  building  a  club-house. 
This  building  is  for  the  accommodation  of  the  different  societies  and 
clubs  5  also  for  the  meetings"of  the  board  ol*  directors  and  other  bodies. 
The  building  will  also  contain  some  apartments  where  the  young,  un- 
married officers  of  the  company  can  lodge.  The  smaller  hall  will  ac- 
commodate the  singing  and  orchestral  societies,  where  their  rehearsals 
can  take  place.  The  billiard  and  reading  rooms  are  free  to  members  of 
any  society.  A  small  hall  is  reserved  for  the  meetings  of  different 
societies  for  culture  or  education,  and  is  closed  against  all  but  members 
during  the  time  of  their  meetings.  About  the  building  are  grounds 
under  cultivation  for  a  park,  free  to  all  visitors.  A  walk  of  about 
fifteen  minutes  through  this  park  leads  to  the  shooting-gallery.  A 
bowling-alley  is  near  by  the  club-house,  and  is  free  to  all  visitors,  save 
when  any  society  is  holding  a  sociable. 
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77.  The  turn'  halL — This  ball  is  nearly  completed.  It  has  a  ball  13 
meters  long  and  7  meters  wide,  used  as  a  gymnasiam.  It  has  two 
rooms  for  the  storage  of  tarn  apparatus,  and  a  room  for  a  fire-eDgine, 
hose,  &c.  The  hall  and  the  surrouDding  groaads  are  for  the  benefit  of 
the  scholars  of  the  public  schools  and  the  Turners'  Society. 

The  progress  in  the  development  of  social  life  and  habits  has  been 
very  rapid.  Already,  in  18G1,  the  first  orchestral  society  was  starte^l 
by  teachers,  of&cers,  and  workmen.  The  society  grew  rapidly,  and  was 
well  supported,  though  at  one  time  it  nearly  succumbed.  Kehearsals 
take  place  once  a  week,  and  every  six  or  eight  weeks  a  concert  is  given 
which  is  free  td  all  members,  and  to  their  families  and  friends.  The 
entertainment  consists  of  orchestral  music,  solos,  and  singing.  The 
directors  of  the  company  have  recently  engaged  a  musical  director  or 
leader,  whose  duties  are  to  give  instruction  to  the  different  musical 
societies  free  of  charge.  Encouraged  by  this,  a  brass  band  has  been 
organized,  which  will  eventually  be  the  band  of  the  colony.  Especially 
worthy  of  note  is  the  ^^  Liedertafel  der  Georgs-Marien-R'utte^^  a  singing- 
society  which  has,  not  only  by  its  numbers,  but  by  its  very  benefi.cial 
influence  upon  the  morality  of  the  community,  a  just  claim  to  superi- 
ority. Tbis  society  was  founded  in  ldG2,  and  has  among  its  members 
almost  the  whole  corps  of  officers  and  the  majority  of  the  members  of 
the  colony.  One  evening  in  the  week  is  devoted  to  rehearsals,  and 
every  six  or  eight  weeks  a  social  gathering,  enlivened  by  music,  song, 
declamation,  &c.,  is  held.  The  society  owns-a  large  collection  of  written 
music,  and  a  grand  piano.  A  branch  of  this  society  formed  exclusively 
of  workmen  devote  their  leisure  hours  to  the  cultivation  of  dramatic 
and  oratorical  talent,  and  by  their  successful  representations  they  have 
materially  assisted  in  the  entertainments  given  by  the  other  societies. 

A  rlfleclub  was  established  at  the  same  time.  It  gathered  about 
forty  members,  whopractice  weekly,  and  once  in  each  year  they  have  a 
prize-shooting ;  and  this  custom  is  becoming  very  popular. 

It  was  the  opinion  of  the  better-educated  classes  among  the  different 
societies  that  there  was  a  lack  of  literary  and  scientific  culture,  and 
that  something  should  be  done  for  this  object.  Accordingly,  a  new 
society  was  formed  in  1870,  under  the  name  ^''Vereinigungy^  (union,) 
with  the  understanding  that  all  the  members  of  the  other  societies 
'could  also  join  this  without  subjectiug  themselves  to  much  expense. 
This  ^^  union"  soon  received  such  material  aid  from  the  directors  of  the 
works  that  they  could  offer  free  membership  to  all  members  of  the 
other  societies,  and  only  outsiders  are  obliged  to  pay  for  admission. 

In  their  weekly  meetings,  the  political  and  social  questions  of  the  day, 
matters  of  interest  to  the  works  or  colony,  are  discussed.  A  selection 
of  periodicals  is  furnished  for  the  free  use  of  the  members.  It  is  pro- 
posed to  connect  with  the  union  an  improvement  school  for  the  older 
workmen,  and  to  erect  a  building  for  the  purpose,  and  also  a  savings- 
bank. 


GEORGS-MAEIEN-HUTTE— TURN   HALL — HOSPITAL.  107 

The  anion  arranges  for  three  or  four  Rocalled  masicat  evenings  in 
the  coarse  of  the  winter,  in  which  the  different  musical  societies  partici- 
pate,  and  in  exceptional  cases  outside  musicians  of  distinction. 

The  "  Turnverein^'  has  about  forty  members,  mostly  young  workmen, 
who  meet  once  or  twice  a  week.  By  building  a  new  hall  for  this  society ^ 
it  is  thought  that  the  additional  facilities  thus  afiforded  will  increase  the 
number  of  members  of  this  most  useful  society. 

Among  the  societies  of  the  officers  of  the  works,  there  is  a  choir  or 
singing-club. 

Upon  the  establishment  of  the  different  societies,  the  board  of  direct- 
ors  granted  certain  amounts  either  as  gifts  or  as  temporary  loans.  Now 
the  board  appropriates  a  certain  sum  annually,  granted  unconditionally 
for  the  benefit  of  the  societies,  reserving  for  themselves  only  the  right 
of  placing  a  veto  upon  the  appropriation  of  any  money  in  cases  where 
there  is  doubt  of  good  intention  in  the  appropriation. 

This  fund  is  controlled  by  the  entire  board  of  directors,  which  is  com- 
posed of  the  directors  of  all  the  different  societies,  by  which  the  re- 
qairements  and  wants  of  every  society  are  duly  considered  and  the 
money  divided  accordingly-. 

78.  The  following  official  statements  are  made  regarding  the  hospital^ 
the  school,  and  dwelling-houses. 

Hospital. — ^The  hospital  is  arranged  for  32  beds  placed  in  four  large 
halls,  and  four^single  rooms  with  one  bed  each.  In  addition,  there  is  an 
isolated  house  with  two  room:s  and  a  morgue.  The  ceilings  of  the  hos- 
pital are  13  feet  high  throughout ;  the  basement,  built  of  freestone,  with 
an  arched  brick  ceiling,  contains  the  kitchen-rooms,  furnaces  for  heat- 
ing, pantries,  and  cellar-rooms.  Besides  these,  there  are  rooms  for  con- 
tagious diseases,  and  a  vapor-bath.  From  the  first  floor  upward,  the 
walls  of  the  hospital  are  constructed  of  porous  brick  made  of  slag,  with- 
air-chambers  2^  inches  wide. 

The  slag-bricks  are  made  of  the  granulated  slags  from  the  blast-fur-  . 
naces,  mixed  with  caustic  lime,  and  the  hardening  of  the  bricks  dependa 
upon  the  presence  of  soluble  silica  in  the  slag,  which,  combining  with 
the  lime,  gives  the  bricks  great  firmness.  These  slag-bricks  have 
proved  very  useful  at  this  settlement  as  building-material,  and  deserve 
the  attention  of  the  public  in  general,  as  being  the  best  material  for  the 
construction  of  hospitals  and  sanitary  buildings  on  account  of  their 
porosity.  Though  as  yet  the  examination  of  the  physical  qualities  of 
these  bricks  has  not  been  made,  there  is  no  doubt  but  that  they  have  a 
great  advantage  over  ordinary  building-stones  on  account  of  their 
porosity,  but  they  must  not  be  mistaken  for  the  glassy  slag-bricks  which 
are  produced  at  other  furnaces. 

The  location  of  this  hospital  is  excellent.  It  is  free  upon  all  sides  ta 
the  sun  and  air ;  built  upon  dry  ground,  southwest  in  direction  from 
the  works,  and  thus  protected  from  the  smoke  by  the  predominating 
western  and  southwestern  winds.    Near  by  is  a  small  grove  of  beech- 
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woods  and  a  stnall  lake,  through  which  a  clear  mouataiu-stream  runs 
very  rapidly. 

The  halls  of  the  hospital  are  airy  aud  light.  There  are  no  dark,  close 
rooms.  It  is  provided  with  pure  water  for  washing  and  bathing  from  a 
high  reservoir,  into  which  the  water  is  pumped  by  steam.  The  drink- 
ing-water is  drawn  from  a  well. 

The  principal  corridor  is  80  feet  long,  7  feet  wide,  aud  13  feet  high, 

and  has  five  windows.     This  hall  opens  into  five  rooms,  containing  in 

all  twenty-two  beds.    Apartments  of  the  same  dimensions  are  upon  the 

second  floor.    The  hospital  has,  in  additioh,  rooms  for  the  physician, 

steward,  and  tiurses. 

The  system  of  ventilation  is  that  proposed  by  the  architect,  Schar- 
rath.  The  principle  is  not  to  drive  a  large  volume  of  heated  ait  into 
the  room  through  one  or  two  openings^  as  is  usual,  but  to  distribute  the 
heated  air  over  the  whole  extent  inside  the  walls,  and  admit  It  through 
small  crevices  in  the  walls,  which  at  the  same  time  have  openihgs  for 
the  escape  of  the  same  quantity  of  foul  air.  The  fbul  air  is  conducted 
away  through  a  pipe,  which  is  kept  hot  by  the  fufnace  or  kitchen  fires, 
and  in  summer  by  a  special  stove  placed  in  the  basement.  It  is  the 
intention  of  the  directors  to  increase  the  efficiency  of  this  chimney  by 
the  use  of  steam-power,  by  directing  a  current  of  steam  into  the*pipe  in 
the  summer-season.  Extending  lengthwise  undet*  the  ceilings  of  the 
sick-room  are  square  wooden  boxes,  which,  after  going  through  the 
whole  length  of  the  sick-room,  enter  the  chimney.  There  afe  slits  from 
1  to  1^  inches  wide  along  the  box,  which  can  be  opened  or  shut.  The 
advantages  in  this  mode  of  ventilation  are  seen  in  the  uniform  distri- 
bution of  heated  air  over  a  large  area,  thus  avoiding  all  draughts,  even 
when  the  apparatus  is  in  its  fullest  activity.  The  heating-apparatus  is 
in  the  basement,  and  consists  of  five  stoves  for  heating  the  lower  floor 
and  two  for  heating  the  upper.  The  stoves  are  so  constructed  as  to 
have  a  very  large  heating-surface.  Thus  the  iron  never  becomes  red-hot, 
the  air  is  always  pure  and  kept  free  from  the  disagreeable  and  unhealthy 
odors  arising  from  the  burning  of  particles  of  dust  and  other  organic 
matters.  The  air  in  the  three  sick-rooms,  where  almost  every  bed  is 
occupied,  is  always  found  to  be  odorless,  sufficiently  moist,  uniform  in 
its  temperature,  and  entirely  free  from  draughts,  no  draughts  being  ob- 
servable either  at  the  slits  for  the  admission  of  heated  air  or  for  the  exit 
of  the  foul.  In  room  No.  1 — which  had  eight  beds  and  seven  patients 
with  fractured  bones,  very  severe  burns,  and  one  who  had  both  his 
legs  amputated  at  the  thighs— the  healthful  state  of  the  patients  and 
the  condition  Of  their  wounds  demonstrated  that  their  treatment  had 
been  good,  and  that  their  favorable  condition  was  in  a  great  measure 
due  to  the  good  state  of  the  atmosphere  produced  by  the  grand  system  of 
heating  and  ventilating  of  Dr.  Scharrath. 

School-houses. — The  school-houses  have  in  general  been  before  described. 
Only  a  few  additional  remarks  will  be  made.    The  two  rooms  for  the 
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first  and  second  classes  are  divided  by  folding  doors,  which  are  opened 
on  Sandays  to  allow^of  divine  worship.  An  organ  with  twelve  stops 
has  been  presentedjbyjone  of  the  former  directors  of  the  works.  The 
building  isbailt  partly  of  sandstone  and  partly,  of  slag-bricks.  It  is 
heated  with  stoves  in  the  school-rooms,  and  the  ventilation  is  produced 
by  a  standrpipe,  as  in  the  hospital,  bat  the  ventilating-boxes,  which  in 
the  hospital  extend  along  under  the  ceiling,  are  here  arranged  around 
the  walls  at  the  height  of  the  foot-boards,  and  thus  they  immediately 
carry  away  the  cloud  of  dust  raised  by  the  many  moving  feet  of  the 
children.  There  are  also  large  ventilators  to  serve  to  bring  about  a 
speedy  ventilation %it  the  intermission^.  The  corridors  are  used  as  play- 
rooms in  rainy  weather,  while  in  fair  weather  the  open  space  protected 
against  cold  winds  by  the  structure  of  the  building  serves  for  the  pur- 
pose. 

The  Catholic^school,  which  is  used  at  the  same  time  as  a  church,  is, 
though  temporary,  very  suitable  for  the  purpose,  and  includes  a  dwell- 
ing for  the  vicar  and  the  teacher.  The  seats  are  benches  with  cross- 
b^ks ;  the  desks  have  movable  tops,  but  these  are  to  be  replaced  by 
stools  and  good  stationary  desks.  At  the  visit  to  the  schoolrooms, 
which  took  place  directly  after  the  dismission  of  the  pupils,  the  air  was 
found  perfectly  clear  and  free  from  dust,  and  at  a  temperature  of  15^  E., 
which  shows  the  ventilation  and  heating  to  be  perfect.  On  a  visit  to 
one  of  the  older  class- rooms,  the  air,  though  not  found  to  be  perfectly 
odorless,  was  yet  not  disagreeable,  though  70  children  had  occupied 
the  room  without  intermission  for  two  hours. 

Lodging  and  boarding  house. — This  is  estaUisbed  with  the  view  of 
affording  the  unmarried  workmen  the  means  of  dwelling  in  healthy 
localities,  and  receiving  good  aqd  wholesome  food  at  a  moderate  price* 
The  building  is  constructed  on  the  same  plan  as  the  hosj|^il;al,  and  of 
the  same  materials,  has  a  very  high  basement  for  the  culinary  depart- 
ment. The  cooking,  for  about  300  boarders,  is  done  by  steam.  There 
are  rooms  for  about  150  lodgers.  The  house  contains  two  dining- 
rooms,  each  with  600  square  feet  of  floor,  and  24  feet  high.  They  are 
heated  by  steam  pipes  in  the  floor,  and  are  ventilated  like  the  hospital 
and  school-house.  The  sleeping-rooms  are  in  the  two  wings  of  the  main 
building.  In  the  rooms  are  iron  bedsteads,  one  placed  ou  top  of  the 
other,  two  by  two,  with  mattresses  and  pillows  stoffied  with,  sea- weed ; 
they  are  provided  with  linen  sheets,  and  one  woolen  blanket  in  summer 
and  two  in  winter.  Between  the  beds  are  wardrobes,  onkQ  for  each 
lodger,  and  numbered  to  correspond  with  the  numbers  upon  the  bed- 
steads. They  are  5  feet  high,  and  are  fitted  with  locks.  The  common 
wash-room  contains  20  china  wash-basins,  and  connected  with  this  are 
the  water-closets,  which  are  closed  during  the  day-time.  In  the  eastern 
wing  are  smaller  rooms,  for  from  one  to  six  lodgers  each,  who,  of  course, 
pay  more  according  to  accommodation.  There  are  lodgings  for  from  40 
to  50  men  in  this  wing,  while  the  western  wing  accommodates  from  90 
to  100  men. 
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The  diBcipIine  of  the  house  is  in  the  hands  of  the  steward,  who  is  re- 
sponsible for  the  obserranoe  of  certain  fixed  rales  and  regalations  es- 
tablished by  the  board  of  directors,  who  also  at  certain  times  inspect 
the  victnals.  The  steward  pays  a  yearly  rent,  for  the  use  of  the  hoase 
and  fornitore,  of  112  thaler.  Board  and  lodging  is  paid  for  on  the  fol- 
lowing  scale  of  prices:  Coffee  and  milk,6  pfennig;  dinner,  with  a  quarter 
of  aponnd  of  meai  or  baoon,fora whole  portion,3  groschen;  forahalf-por 
tion,  1|  groschen;  snpper,  without  meat,2groachen.  A  boarder  can  pro- 
cure boiling  waterforcoffeeorteaat  any  time  free  of  charge,  and  everyone 
procures  his  own  bread  and  butter.  Connected  with  this  department, 
but  in  detached  buildings,  are  a  laundry,  store-house,  and  bath-rooms  with 
warm  water,  and  for  the  use  of  which  the  steward  collects  a  small  fee. 
Near  the  staam-boiler  is  a  disinfection-apparatus,  into  which  steam 
can  be  admitted  to  free  dotliing,  beds,  &c.,  from  vermin.  All  these 
rooms  are  well  ventilated,  and  are  always  found  unexeeptionably  clean 
and  in  perfect  order. 

The  preceding  statements  show  with  what  foresight  and  interest  the 
managers  of  the  Georgs-Marien  Works  care  for  the  mental  and  phyaiea 
wel&re  of  their  employes,  and  the  success  which  they  have  achieved. 
Their  action  is  worthy  of  all  praise  and  imitation. 

BOCHCM   MINCiG  AND  STSEL  WORKS. 

79.  The  following  list  comprises  the  objects  sent  by  this  celebrated 
establishment,  the  Boehumer  Verein  fur  Bergbau  und  0u$9tahhFabrica- 
tion^  Bochum  in  Wesi/alen: 

(1.)  Cast-steel  propeller-screw  in  one  piece,  weighing  9,000  kilo- 
grams, about  9  tons.  It  is  the  first  of  its  kind,  and  has  not  been 
forged  in  any  part. 

(2.)  A  cannon  for  a  fort,  of  cast  steel,  with  a  bore  of  21  centimeters, 
and  about  10,000  kilograms  in  weight.  The  carriage  upon  which  it  is 
placed  is  from  the  manufactory  of  Gruson,  in  Buckbau,  near  Magde- 
burg. 

(3.)  A  fort-cannon,  of  cast  steel,  of  15  centimeters  bore,  weighing  3,000 
kilograms. 

(4.)  Two  field-pieces,  of  cast  steel,  one  6iK)nnder  and  a  4-ponnder. 

(5.)  A  steam-cylinder  for  a  hammer  of  300  centners  falling- weight,  with 
the  valve-box  and  baseplate  all  in  one  piece,  made  of  crucible  steel, 
weighing  7,000  kilograms.  Near  by  it  the  piston  and  piston-rod,  made 
of  forged  steel. 

(6.)  Press-cylinders  of  cast  steel,  the  largest  weighing  3,000  kilo- 
grams. 

(7.)  Cog-wheels  of  cast  steel. 

(8.)  Steel  pump-rod,  32  meters  long  and  165  milimeters  in  diameter, 
for  a  pumprod,  forged  out  of  a  blocl;  of  cast  steel.  Weight,  5,500  kilo- 
grams. 
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(9.)  A  beat  cast-steel  cylinder  for  aa  elevator,  6,00D  kilograms  in 
weight. 

(10.)  A  cast-steel  ^ell  of  1.8S  meters  diameter,  weighing  2,850  kilo- 
grams. 

(11.)  A  groap,  consisting  of  the  different  wheels  for  a  locomotive, 
tender,  and  cars,  part  with  cast-steel  disk  wheels,  part  wroaght-iron 
spoke-wheels.  Near  by  the  last  is  the  inner  part  of  a  wheel  made  of 
cast  steel,  three  more  made  of  wronght  iron,  and  one  of  cast  iron. 

(12.)  Differeat  wheel-rims,  bands,  links,  &c.,  of  crucible  and  Bessemer 
steel,  the  greatest  wheel-rim  having  an  inner  diameter  of  3  meters. 

(13.)  Herzstueke  of  crucible  steel  of  .various  construction. 

(14.)  A  collection  of  springs,  of  various  construction,  made  of  crucible 
steel. 

(15.)  A  collection  of  broken  rails  and  wheel-rims,  to  show  fracture,  the 
samples  taken  at  different  stages  of  the  manufacture,  and  the  products 
made  fropoi  different  iron  and  iron-ore. 

80.  The  cMt-steel  works. — ^The  Bochum  Company  has  been  in  exist- 
ence for  thirty  years.  For  the  first  eighteen  years  it  had  but  small 
capacity  of  production,  and  from  that  period  to  the  present  it  has 
developed  its  great  importance.  The  company's  works  and  its  mines 
cover  an  area  of  140  hectares.  The  number  of  superintendents  and 
minor  officers  employed  is  250,  and  of  workmen,  nearly  6,000.  The  pro- 
duction of  cast  steel  at  the  present  time  is  about  11,000,000  pounds 
monthly.  This  product  is  worth  nearly  $700,000.  In  1872  the  pro- 
duction was  96,000,000  pounds,  worth  $6,000,000,  gold  value. 

The  raw  material  for  the  manufacture  of  cast  steel  is  mainly  obtained 
from  the  workings  of  the  company,  and  the  sources  will  be  briefly 
noticed. 

81.  The  coal-mines. — ^These  mines,  called  the  <' Maria  Anna"  and 
^<  Steinbank,"  are  situated  at  a  distance  of  a  half-mile  from  the  steel- 
works. They  are  connected  by  railroad  with  the  works,  and  at  present 
are  furnishing  a  part  of  the  fuel  required  for  the  works  from  a  single 
shaft.  Two  new  shafts  are  being  dug,  and  they  will  furnish  25,000 
bushels  daily  to  the  steel-works  and  blast-furnaces  next  year.  The 
mining-property  embraces  seven  square  fields,  and  possesses  an  uncom- 
mon richness  of  coal-beds.    The  coal  is  all  of  the  best  quality. 

82.  The  iron-minesj  in  the  Siegen  and  Nassau  districts,  are  numer- 
ous and  of  great  size,  and  furnish  an  important  part  of  the  ore  used  in 
the  blast-furnaces  of  the  company.  Of  particular  value  are  the  spathic 
ores  mined  near  Kirchen.  It  is  a  superior  ore  for  the  manufacture  of 
Spiegel  and  Bessemer  iron. 

83.  Coke  blast-furnaees. — Two  of  ordinary  size  are  in  operation  near 
Miihlheim,  while  two  more  of  larger  size  are  being  built  at  Bochum, 
and  two  more  are  going  to  be  built  n^xt  year,  and  two  more  in  1875. 

84.  The  ooke-fumaces  in  MUlheim  furnish  coke  for  both  of  the  blast- 
furnaces.    Near  the  steel-works  in  Bochum  are  a  large  number  of 
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coke-faruaces,  part  in  operation,  aad  a  part  in  process  of  manafacture. 
Both  the  establishments  at  Bocham  and  at  Miilheim  economize  the  gas 
that  is  produced.  % 

85.  The  ateel-worJcs  at  Bocham  manufactare  crucible  and  Bessemer 
steel.  Thirty-six  steam-hammers,  from  the  smallest  to  the  largest  size, 
are  used  in  forging  the  steel. 

The  Bessemer  plant  runs  7  converters,  principally  producing  ma- 
terial for  rails  and  blooms  to  be  forged  into  tires  and  axles.  The  Bes- 
semer steel  and  crucible  steel  for  the  manufacture  of  tires  is  made  into 
blooms  of  sufficient  size  to  make  from  ten  to  twelve  tires,  and  then  is 
cut  up  into  pieces  of  proper  weight,  forged,  punched,  and  rolled  out, 
without  being  reheated  in  a  heating-furnace. 

One  of  the  special  operations  in  the  works  is  the  casting  of  steel  in 
molds,  after  the  invention  of  the  technical  director  of  the  works,  Mr. 
"Jacob  Mayer.  The  importance  of  the  inventioa  was  acknowledged  by 
the  bestowal  of  the  great  gold  medal  of  honor  at  Paris  in  1^55.  Al- 
though the  process  was  not  patented  in  the  country,  it  remained  for  ten 
years  the  exclusive  property  of  the  company  and  of  those  works  ia 
France  and  England  which  had  obtained  the  patent-right.  The  great 
screw  for  a  steamship,  which  was  made  fox  one  of  the  ocean-steamers, 
having  a  diameter  of  5^  meters,  (17}  English  feet,)  as  well  as  other 
heavy  pieces,  such  as  the  press-cylinder  and  the  east^teel  bell,  with  their 
sharply-defli^ed  coats  of  arms ^  and  inscriptions,  show  the  significaat 
progress  of  the  Bocham  casVsteel  worics. 

The  cannons  exhibited  show  the  favorable  condition  of  this  depart- 
ment. The  first  one,  with  a  bore  of  21  centimeters,  was  tested  with  five 
hundred  shots  to  prove  its  durability,  and  fifty  shots  to  prove  its  strength, 
by  the  imperial  commission.  The  testimony  of  the  commission  and  in* 
spection  of  the  piece  both  show  that  the  piece  has  undergone  no  nbtiee- 
able  change  in  diameter  or  shape  of  the  bore.  The  range  of  tibe  piece 
with  ordinary  chaige  is  8,900  meters,  which  is  more  than  a  German  mile. 

Xhe  other  pieces  were  also  subjected  to  the  most  trying  proofs,  and 
show  no  change,  either  in  the  bore  or  the  straightness  of  the  piece. 
With  these  pieces  are  seen  some  missiles,  some  of  which  are  new  and 
some  of  which  have  been  fired.  The  crucible  steel  for  cannons  is  made 
according  to  a.  rule  peculiar  to  the  Bochnm  works,  and  patented  by  them. 
The  steel  is  not  brittle,  and  is  characterized  by  its  toughness  and  homo- 
geneons  nature. 

86.  Another  specialty  of  these  works  is  the  manufactare  of  cast-steel 
bells.  We  have  not  space  to  detail  all  the  advantages  and  virtues  of 
cast-steel  bells.  The  manufacture  of  these  bells  dates  from  the  year 
1851.  As  early  as  1855,  at  the  Paris  Exposition,  the  bells  of  the  company 
attracted  general  attention.  The  surprise  of  the  inspectors  at  this  new 
cast-steel  product,  indeed,  the  doubt  as  to  the  possibility  of  working 
steel  in  this  way,  was  so  great  that  they  desired  an  inquiry  to  be  made, 
to  ascertain  whether  these  bells  were  really  steel,  as  was  represented, 
or  whether  they  were  made  of  cast  iron. 
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The  result  of  this  inqairy  was  the  bestowal  of  the  great  gold  medal 
hy  the  jary  of  the  exposition,  upon  the  following  grounds : 

''The  exhibited  bells  are  characterized  by  perfection  of  performance, 
and  a  very  clear,  unmixed  tone,  which  is  as  clear  as  that  of  the  best  or- 
dinary bronze  bells." 

As  a  conseqnence,  the  jury  came  to  the  conclusion — 

''  That  the  Bochum  Company,  by  its  method  of  melting  and  pouring 
steel,  have  not  only  superseded  bronze  as  the  material  for  bells,  but 
have  given  a  new  direction  to  the  manufacture  of  large  forged  and 
rolled  pieces  for  machinery." 

The  far-seeing  decision  of  the  French  jury  has  received  a  brilliant 
confirmation  by  this  year's  exhibition.  It  was  not  only  a  great  advance 
in  theoretical  knowledge,  with  but  little  development  by  practice,  which 
awakened  the  surprise  of  the  jury,  for  that  which  they  characterize  as 
"perfection  of  performance"  is  not  only  ^^ progress^  but  a  "great  pro- 
gress realized,^ 

These  bells  are  cheap,  costing  only  half  as  much  as  bronze  bells ;  they 
are  heavy,  and,  since  1855,  their  manufacture  has  very  greatly  and  rap- 
idly increased. 

In  the  year  185S,  a  test  proved  ''that  it  is  impossible  with  human 
power  to  crack  one  of  these  steel  bells  with  heavy  sledge-hammers." 
In  the  practical  use  which  has  been  made  of  them  since  the  beginning 
of  their  manufacture,  they  seem  to  far  outlast  the  bronze  bells. 

During  the  first  seventeen  years,  the  number  of  church-bells  that 
were  made  was  about  1,000,  and  about  1,500  of  smaller  kinds.  In  the 
last  four  years  about  600  church-bells  and  1,500  smaller  bells  have  been 
made  of  cast  steel. 

The  Bochum  bells  are  widely  distributed  over  the  whole  of  Europe, 
though  the  distribution  is  somewhat  limited  by  the  fact  that  they  are 
manufactured  both  in  England  and  in  France  under  patent-rights 
granted  by  the  Bochum  works.  Besides  the  great  number  that  are  sus- 
pended in  Europe,  six  have  been  sent  to  Asia,  ten  to  Africa,  forty-five 
to  North  America,  and  five  to  South  America.  Most  of  those  to  whom 
they  have  been  sent  have  written,  showing  their  perfect  satisfaction. 

The  following  is  a  price-list  of  the  works : 

A  bell  weighing  100  kilograms,  20  silbergroschen  per  kilogram. 

A  bell  weighing  from  100  to  150  kilograms,  IS  silbergroschen  per 
kilogram^ 

A  bell  weighing  from  150  to  15,000  kilograms,  16  silbergroschen 
per  kilogram. 

In  the  good  service  that  their  bells  have  rendered,  the  company  has 
sufficient  gaarantee  that  their  cast-steel  bells  will  not  crack,  and  they 
moreover  offer  to  buy  back  any  bells  that  shall  crack  in  the  future,  at 
half  the  price  of  the  new  ware.  Hpwever,  up  to  the  present  time, 
the  cracking  of  one  of  the  church-bells  is  unknown.  The  smaller  kinds 
(such  as  are  used 'for  locomotives,  for  example)  are  the  only  ones  which 
have  ever  been  known  to  break. 
8i 
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87.  Extent  of  tlie  Bochum  toorks. — For  transportation  within  the  cast- 
steel  works,  6  locomotives,  100  cars,  and  GO  horses  are  used.  Steam- 
engines,  together  of  7,500  horse-power,  with  150  steam-boilers  and  a 
very  large  hydraulic  power,  are  employed  for  driving  the  works. 

The  steel-works  have  in  and  near  Bochum,  16  puddling-fnrnaces,  8 
heating-furnaces,  92  annealing  and  warming  furnaces,  27  cupola  and 
reverberatory  furnaces,  121  steel-melting  furnaces,  135  forging  and 
welding  fires,  44  furnaces  for  heating  air,  24  crucible,  tube,  and  brick 
burning-furnaces. 

There  are  2  blast-furna^ces  now  building,  and  4  projected,  which  will 
soon  be  completed.  Each  of  these  six  is  capable  of  producing  from 
120,000  to  130,000  pounds  of  pig-iron  daily. 

In  addition,  there  are  80  cranes,  with  and  without  steam-power ;  4 
crucible  and  brick  presses,  5  clay-mixing  machines,  21  grindstones,  and 
300  working  machines  of  various  kinds. 

Also,  36  steam-hammers,  the  heaviest  600  centners  falling-weight ; 
and  one  of  1,200  centners  is  being  set  up. 

The  monthly  production  of  railroad -stock  is  as  follows :  1,000  combi- 
nations (2  wheels  and  1  axle)  of  oar-wheels ;  40  full  sets  of  wheels  for 
a  locomotive  and  tender,  with  the  appurtenances ;  2,000  car  and  350 
locomotive  axles ;  6,000  springs  for  locomotives  and  cars ;  10,000  spiral 
springs  for  locomotives  and  cars ;  16,000  to  18,000  rails ;  200  to  300 
Herzstucke;  150  to  200  Oehobelte  Weichenzungen. 

88.  Aid  for  the  workmen. — ^An  institution,  in  the  form  of  a  joint- 
stock  company,  has  been  established  which  has  for  its  object  the  build- 
ing of  cheaper  and  better  dwellings  for  the  workmen  and  employes  of 
the  company,  the  obtaining  and  the  production  of  the  necessaries  of  life, 
the  care  of  the  old  workmen  and  the  support  of  their  families.  The 
capital  of  the  institution  amounts  to  1,500,000  thalers,  of  which  300,000 
were  received  from  the  Bochum  Company,  200,000  from  the  workmen 
and  the  former  employes  of  the  company,  and  1,000,000  thalers  is  a  loan. 
After  deducting  the  large  interest,  (at  2  per  cent,}  the  remaining  sum  is 
devoted  to  the  above-designated  objects. 

GLEIWITZ  FUENACE,  UPPER  SILESIA. 

89.  The  Hochofen  zu  Oleiwiiz  in  Oberschlmn  Company  makes  a  most 
instructive  exhibition  of  the  progressive  changes  in  the  form,  size,  and 
production  of  their  furnaces  at  different  periods  since  1799.  There  are 
four  large  drawings  of  equal  scale,  1  to  10,  giving  sections  of  the  fur- 
naces in  1799, 1829, 1854,  and  1872,  showing  in  a  vivid  and  impressive 
manner  the  gradually-increasing  size  and  production.  The  data  taken 
from  these  drawings  are  herewith  tabulated. 
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Table  showing  dimensions  and  production  of  Gleiwitz  hlast-fumaces  at  four  different  periods. 


Dimensions,  namber  of  tnyeres,  and  prodnction. 


Dimensions  of  famace : 

Height meters. 

Diameter  at  top meters. 

Diameter  at  boshes meters. 

Diameter  at  or  above  tayeres meters. 

Capacity cable  meters. 

Tuyeres number. 

Weekly  prodnction kilograms. 


17^. 


11.18 
0.96 
3.45 
0.94 


3 

13,700 


Tear. 


1829. 


13.14 

1.36 

3.14 

0.63 

48.14 

S 

25,000 


1854. 


15.04 

1.88 

4.79 

0.94 

117.58 

3 

56,250 


1872. 


13.04 

3.92 

5.34 

2.56 

220.70 

8 

250,000 


CHAPTER    III. 


FRANCE. 


EXHIBITIOX  BY  THE  SCHNEIDERS,  CrEDZOT  ;  ATTRACTIVE  INSTALLATION ;  ThE  ORES 
AND  METALS  USED;  MaNGAN-IRON  ;  EXTENT  OF  THE  WORKS;  CLASSIFICATION  OF 
IRON  AND  STEEL ;  TaBLE  OF  THE  FHYSICAL  PROPERTIES  OF  SEVEN  TYPES  OF  IRON 
MADE  AT  CREUZOT  ;  COMMERCIAL  STEEL  AND  ITS  PHYSICAL  PROPERTIES,  AS  CLAIMED 

AT  Creuzot  ;  Quality  of  rails  ;  Prices  according  to  quality  and  hardness  ; 
Large  castings  for  lining  mining-shafts;  Eevollier  Bietrix  &  Co.  and 
other  exhibitors  ;  Algerian  ores. 

90.  The  exhibitors  of  the  iron  and  steel  products  of  France  did  not 
enjoy  the  advantages  of  a  separate  building  for  the  reception  of  objects 
I)ertaining  to  the  mining  and  metallurgical  groups,  and  consequently 
their  exhibits  were  distributed  in  the  Machinery  Hall  and  parts  of  the 
ioain  building,  and  were  not  so  readily  found  as  those  of  Germany  and 
Austria. 

The  iron  and  steel  production  of  France  is  shown  by  the  annexed 
'tabular  statement  from  the  years  1859  to  1874,  inclusive:* 


Yeare. 


1859 

4d6« 

1861 

*lg«2 

1863 ^ 

Vl'?64 

-1865 

1866 

1867 

)1868 

1869 

1870 

1871 

-.1872 

,1873 

.1H74 


Cast  iron. 

Wroaght 
iron. 

Tons. 

Tons. 

758,682 

531, 769 

797,  932 

503.229 

829, 481 

591,779 

928, 574 

648, 395 

933,907 

707,  785 

1,  034. 161 

750,881 

989,  972 

676, 775 

992,  710 

759. 142 

931,  906 

704, 160 

934,868 

718, 272 

1, 018,  899 

801,201 

923,  842 

617,  834 

859,641 

635,876 

1,«17,83S 

884,203 

1,  366,  715 

889.891 

1,  423, 307 

862, 254 

steel. 


Tons, 
16,922 
SI,  944 
96,169 
30,490 
95,372 
98,189 
31,  816 
98,286 
36,855 
66,320 
97,284 
83,788 
79,  811 
130,088 
155.568 
217, 072 


Total. 


Tom. 
I,  307, 373 
1,391,605 
1,  447, 492 
1, 507, 459 
1,667,064 
1. 813, 231 
1, 698, 563 
1,  780. 138 
1,  672, 921 
1,  719.  460 
1, 917,  384 
1,  625.  464 
1, 575, 398 
9,9.)2,129 
2,412,174 
2,502.633 


*  From  tho  BuUetin  du  Oomiti  des  Forget  dt  France^  cited  by  David  Forbea. 
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Production  of  coat  iron  in  France  during  the  year  1874/ 


Diatricto. 


Foundery 
iron. 


Ardennea , 

Paris  Basin 

Brittany 

Centre 

Ohampagne 

Gomte 

Eacaat 

Garde,  Bonohes  du  Rh6ue,  and  Corsica 

Loire  efc  Savole 

Longwy 

Meiirtheand  MoaeUe 

Sambre 

Sad-Oaest 

XJ sines  d'Aabin  ot  dela  marine  nationalo. 


MttrieaJL  tont. 
4,211 


Total 

Total  in  1873 


Increase  in  187-1 . 
Decrease  in  1874. 


12,073 

52, 167 

76,232 

5,987 

28,676 

21,094 

29,534 

37. 119 

24,906 

9,196 

9,968 


304, 172 
252,640 


51,332 


Forge  iron. 


M^tricdl  long. 
15,549 


2,260 

293,082 

84, 976 

45,296 

73,707 

85,696 

262,682 

39, 919 

124, 977 

a»,874 

13,811 

16,900 


1, 119, 135 
1, 129, 117 


9,992 


Total 


Metrical  tnns. 
19, 761 


14,334 
345, 249 
161, 209* 
51,264^ 
102,383- 
106,991 
292,4lGi 
77,03& 
149, 865 
69, 072 
16,780 
16,900 


1,  423,  307 
1, 361, 970 


41,349 


ProducUon  of  wrought  iron  in  France  during  the  year  1874*. 


Districts. 


Ardennes 

Paris  Basin 

Brittany 

Centre 

Champagne 

Comt^ 

Bscaat 

Garde,  Bonches  dn  RhOne  et  Corsica 

Loire  et  Savoie 

Longwy 

Mearthe  et  Moselle 

Sambre 

Sad-Ouest 

Usines  d'Aobin  at  de  la  marine  nationale. 


Total 

Total  in  1873. 


Increase  in  1674.. 
Decrease  in  1874. 


Bars,  &c 


Metrical 
torn. 
34,999 
40,529 

7,462 
116, 043 
93,695 
36,001 
50,493 
16,639 
101,563 

6,279 
16,990 
59,336 

8, 386 

1,598 


593.967 
624,772 


30,785 


Ralls. 


Metrical 
tons. 


40, 139 


4,070 

9,092 

6,739 

16.676 


52.945 
'26,' 400 


158,063 
151,346 


Plates. 


6,716 


Metrical 
tone. 
K),  944 
12,077 

2,869 
30,439 

5,111 
10, 766 

7,069 


13,570 


13,281 
'*i,'075 


110,204 
130,626 


20,421 


Total. 


Metrical 

tone. 
46,674 
52.607 
10.351 

186, 621 
98,606 
52,839 
66,654 
25,387 

131.809 

6,297 

16.990 

125,563 

6,386 

31,073 


862, 854 
906,745 


44, 491 


Production  of  steel  in  France  during  1874.* 


District 

BeBsemer  and  Martin. 

Cast  and  puddled. 

total, 
.rical 

Rails. 

Bar.plate, 

Total. 

Ralls. 

Bar,plate, 

Total. 

^»3 

ftas 

Paris  Basin » 

360 
8,729 

925 

39,910 

672 

360 
71,554 

925 

127, 141 

672 

"5,' 600 

250 

250 
5,600 

1,235 
9,309 

610 

Centre 

62,624 

77,154 

Garde,  Bonches  da  RbAne   et 
Corsica 

1,235 
9.309 

2,160 

135,450 

672 

Loire  et  Savoie 

87,222 

Sad-Ouest 

Ardennes  

23 

23 

23 

Total 

150,047 

50,596 

900,653 

5,600 

10, 616 

16,  418 

217. 07a 

'BuUetin  du  Comiti  dee  Forgee  de  France,  February,  1875.  cited  by  David  Forbop. 
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THE    CREUZOT   WORKS. 

91.  Messrs.  Schneider  &  Co.,  proprietors  of  coal-mines,  iron-works, 
steel-works,  and  mechanical  works  at  Le  Greazot  (Saone-et-Loire) 
make  one  of  the  most  perfect  and  ornate  displays  in  the  whole 
exhibition.  It  is  in  the  machinery  hall  fronting  the  main  passage-way 
dividing  the  English  from  the  French  section.  It  is  compact  bat  com- 
prehensive. The  ores  from  Algeria,  Elba,  and  France,  with  the  coals, 
coke,  flaxes,  and  the  direct  prodacts,  are  systematically  shown.  Then 
follow  polished  sections  of  all  the  forms  of  bar  and  angle  iron,  with 
samples  of  each  bent  and  broken  to  show  the  quality.  There  is  a  sim- 
ilar series  of  steel-prodacts,  inclading  sections  of  all  the  forms  of  rails 
made  for  various  railways.  The  numerous  specimens  of  great  tenacity 
are  particularly  interesting.  They  comprise  steel  bars,  3  or  4  inches 
square,  bent  double ;  polished  railway-axles  folded  back  one  end  upon 
the  other,  and  the  journals  bent  at  right  angles,  without,  in  either  case, 
showing  a  crack  or  a  flaw.  This  establishment  is  being  rapidly  extended 
in  size,  and,  when  the  additions  now  in  progress  are  completed,  will 
cover  771  acres.  The  annual  prodaction  of  pig-iron  is  180,000  tons;  of 
wrought  Iron  90,000,  and  of  steel  60,000  tons;  number  of  workmen, 
15,500..  Experiments  are  being  made  to  test  the  strength  of  the  different 
brands  of  iron  and  of  steel  sold  in  commerce.  Thousands  of  samples 
have  been  carefully  tested  and  the  results  recorded.  A  classification 
based  upon  these  results  is  proposed,  which  is  said  to  have  received 
the  sanction  of  the  trade.  Seven  degrees  or  classes  of  iron-ore  are 
recognized,  and  the  physical  properties  of  each  class  are  tabulated. 
For  steel  three  classes  are  proposed,  and  these  classes  are  to  be  desig- 
nated by  the  letters  A,  B,  G.  A  is  to  represent  the  ordinary  grades,  G 
the  superior,  and  B  the  intermediate  qualities. 

92.  As  an  example  of  successful  and  attractive  installation,  this  exhibit 
is  worthy  of  special  note.  The  arrangement  of  the  objects  is  accurately 
shown  by  the  annexed  ground-plan  diagram. 

93.  The  slww-cases  are  lined  with  dark  maroon-colored  velvet,  and  the 
wood  is  finished  in  imitation  of  ebony.  The  glass  is  the  finest  French 
plate.  Great  care  has  been  bestowed  upon  the  labels,  and  in  mounting 
the  maps  and  drawings.  In  the  show-case  No.  3  we  find  the  mineral 
fuels  from  the  mines  belonging  to  Greuzot  as  follows :  Greuzot,  Mont- 
chaniu-Longpendu,  Decize,  Montaud,  and  from  Brassac  and  Beaubrun 
mines,  in  which  Greuzot  is  a  joint  owner.  There  is  also  a  representation 
of  the  coke  made  at  Greuzot  from  a  mixture  of  bituminous  coal  of  St. 
Etienne  and  washed  coal-slack. 

Ores. — Under  the  head  of  ores  and  metals  used  at  Greuzot,  we  find 
in  case  4  magnetic  iron-ore  from  Moktael-Hadid,  Algiers,  province  of 
Bona ;  oligiste  iron  from  the  island  of  Elba;  spathic  iron  from  Maurienne, 
S.ivoyj  pisolitic  ore  from  Berry,  Ghanteloup,  Saint-Florent,  Cher; 
oolitic  ore  from  Mazenay,  Sao ne-et- Loire;  limestone-marble  from  Gilly, 
Allier. 
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(5.)  Fig-iron  for  refliiiDg,  for  foundery  purposes  and  for  the  manufac- 
ture of  steel,  classified  according  to  quality  and  appliances.  Furnace- 
slag  of  the  same.  Some  mangan-iron  of  high  percentage,  claimed  to  con- 
tain 70  per  cent,  of  manganese,  was  shown.  This  is  made  by  adding 
manganese  ore  to  a  bath  of  molten  iron  in  the  presence  of  charcoal  in  a 
Siemens  furnace. 


i  C=3 
17  17 


i 

3 

9 

Tsr 


r 


-TT 


J. 


6 


TT 


Fio.  58. — ^Plan  of  Creazot  exhibition — ^general  arrangement. 


1.)  Pictaresqne  view  of  Crenzot. 

(2.)  Geometrical  plan  of  Creuzot. 

(3.)  Coal  show-case. 

(4.)  Minerals. 

(5.)  Pig-iron. 

(6.)  Wrought  iron. 

(7  and  8.)  Steel. 

<9.)  Appliances  of  the  iron. 

(10.)  Appliances  of  the  steel. 


(11.)  Fractures  of  iron  and  steel. 

(12.)  Rolled  profiles  of  pieces  of  iron  and 

steel. 
(13.)  Engine  of  20  horse-power. 
(14.)  Locomotive,  Midi  Railway. 
(15.)  Wheels,  axles,  and  tires. 
(1    )  Cylinder  of  marine  engine. 
(17.)  Drawings  of  bridges. 


(6.)  Wroright  iron  classified  by  numbers  of  quality,  from  1  to  7. 
Tested  bars  showing  the  respective  physical  properties  of  each  qual- 
ity. 

(7  and  S.)  Steel  classified  by  numbers  of  hardness,  from  1  to  11,  and 
by  marks  of  quality,  A,  B,  0. 

(9.)  Specimens  showing  the  quality  of  the  iron,  classified  according 
to  the  numbers,  worked  up  either  cold  or  hot,  and  dififerent  appliances. 

(10.)  Specimens  showing  the  quality  of  the  steel,  classified  accord- 
ing to  the  numbers,  worked  up  either  cold  or  hot,  and  different  appli- 
ances. 

(11.)  Fractures  of  rails  and  other  pieces  of  iron  and  steel,  showing 
the  texture  of  the  metal. 

(12.)  Frofiles  (cross-sections  polished)  representing  the  rails  and 
merchant  iron  made  by  the  Creuzot  Iron- Works. 

This  establishment  manufactures  engines  and  locomotives,  and  they 
exhibit,  upon  the  space  marked  in  the  plan  13,  an  engine  for  workshops, 
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with  vertical  cylinders  oa  frames;  high  aud  low  pressure,  with  cob. 
densation ;  20  nomiual  horse-power ;  patent  governor. 

In  the  center  space,  marked  14,  a  highly-finished  freight-engine  for 
steep  gradients,  for  the  Midi  Bail  way  Company ;  eight  wheels  coupled  ; 
outside  cylinders.  Weight  of  engine  empty,  47  tons  8  hundred-weight. 
This  locomotive  is  one  of  twenty  made  to  order  by  the  works  in  1872, 

(15.)  Upon  this  space  railway-wheels  and  axles  are  shown  in  a  highly- 
finished  state.  Both  axles  and  tires  are  of  Greuzot  steel.  Axles  and 
tires  of  the  same  pattern  aud  finish  are  shown  folded  up  and  bent  in 
opposite  directions  without  exhibiting  a  flaw. 

(16.)  Upon  space  16,  opposite  the  steam-engine,  they  exhibit  a  steam- 
engine  cylinder^  rough  from  the  foundery,  as  cast  for  the  paddle-engines, 
with  high  and  low  pressure,  of  350  horsepower,  of  the  steamer  Petrel,  of 
the  French  navy.  This  piece  weighs  seven  tons.  The  diameter  of  the 
high-pressure  cylinder  is  3  feet  l|f  inches,  and  of  the  low-pressure,  5 
feet  If  inches ;  stroke  of  pistons,  3  feet  3^  inches. 

(1/.)  In  the  spaces  marked  17  there  are  several  models^  plans j  and 
drawings  of  public  works,  bridges,  viaducts,  aqueducts,  &c.,  among 
them  a  drawing  of  the  bridge  of  Friburg,  on  the  railway  from  Lausanne 
to  Friburg,  1859,  of  which  the  iron-work  weighs  3,000  tons ;  the  swing- 
bridge  of  Brest,  1860,  weight  of  iron- work  1,170  tons;  the  bridge  on 
.El  Ginca,  Spain,  1866,  weight  of  iron- work  247  tons. 

Drawing  of  the  bridge  on  the  Ohiffa,  Algiers,  1868 ;  weight  of  iron- 
work 419  tons. 

Drawing  of  the  bridge  on  the  Danube,  at  Stadlau,  near  Vienna,  con- 
structed at  Greuzot  in  1869  for  the  I.  B.  P.  Gompany  of  State  Railways, 
scale  -g^.  Distance  between  abutments,  1,264  feet  8  inches ;  number 
of  columns,  4;  distance  between  centers  of  columns,  263  feet  2  inches  ; 
weight  of  iron- work,  2,140  toms. 

There  is  also  a  diagram  showing  the  manner  in  which  the  bridge  has 
been  put  into  its  place  by  hauling. 

Drawing  of  the  bridge  on  the  Danube,  at  Vienna,  constructed  at 
Greuzot  in  1873  for  the  administration  of  the  public-works  department, 
scale  j^^.  Distance  between  abutments,  1,088  feet ;  number  of  columns, 
3 ;  distance  between  centers  of  columns,  275  feet  6  inches ;  weight  of 
iron- work,  2,400  tons. 

94.  Production. — The  exact  statistics  of  the  works,  as  regards  ex- 
tent and  production  for  1873-74,  are  as  follows : 
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Stati8iic9  of  Le  Creueot,  1873-74. 


Statistical  elements. 


Thb  works  consist  of— 
Surface  of  the  works  and  of  the  indastr.'al  appendages. 

Surface  of  the  buildings 

Length  of  railways,  broad  gauge 

narrow  gauge 

Number  of  workmen 

Number  of  steam-engines 

Horse-power  of  the  same 


PHODUCTION. 


Weight  of  coals 

Weight  of  pig-iron 

Weight  of  wrought  iron 

Weight  of  steel 

Value  of  locomotive-engines,  (100  a  year) . 
Value  of  other  machinery  and  bridges... 


Crenzot. 

435 

51 

35 

18 

9,  BOO 

S34 

15,700 

190,000 

IPO,  ono 

90,000 

60,000 

SdO.OOO 

240,000 

Appendages. 


3.36 
17 
14 
62 

5,700 
74 

3,300 


525,000 


100,000 


Total. 


771  acres. 

6S  acres. 

49  miles. 

80  miles. 

15,500  worlcmen. 

309  engines. 

19,000  horse-power. 


715.000  tons. 
1R),000  tons. 
90,000  tons. 
60,000  tons. 
2PO,000  pounds. 
340,000  pounds. 


KoTB.— The  extensions  of  the  works  at  present  in  progresSj  and  which  are  to  be  completed  in  1873-'74 
are  taken  into  account  in  these  statistics. 

95.  Awards  in  1867. — At  the  Paris  Exposition  in  1867  a  grand  prize 
was  given  for  the  raw  and  finished  products  of  mineral  industry,  (Group 
Y,  class  40,)  and  another  grand  prize  for  mining-tools  and  processes  of 
working  the  mines,  (Group  VI,  class  47.)  A  gold  medal  for  railway-ma- 
terial; a  gold  medal  for  civil  engineering ;  a  gold  medal  for  materials 
for  naval  architecture  and  saving  of  life;  a  gold  medal  for  methods  of 
teaching  children  and  apparatus  for  the  same,  and  also  a  bronze  medal 
to  M.  Nolet,  as  co-operator,  for  apparatus  for  the  instruction  of  adults. 

96.  Classification  of  iron  and  steel,  Cbeuzot.— The  classifica- 
tion before  mentioned  is  based  upon  the  needs  of  the  consumer,  the  en- 
deavor being  made  to  meet  in  a  uniform  and  reliable  way  the  demand 
already  existing  for  iron  and  steel  of  certain  qualities.  In  the  notes  . 
and  descriptions  which  follow  upon  this  subject  free  use  has  been  made 
of  the  valuable  notes,  in  French,  furnished  by  the  firm. 

When  Messrs.  Schneider  &  Co.  decided  to  greatly  extend  their 
metallurgical  works,  they  necessarily  became  solicitous  that  the  outlets 
for  their  products  should  also  be  extended.  To  attain  this  end,  the 
surest  means  was  to  seek  to  satisfy  all  the  wants  of  the  consumer  in  re- 
spect of  quality  as  well  as  of  form,  or,  in  brief,  to  put  into  the  market 
the  equivalents  of  the  principal  varieties  of  iron  in  common  demand. 
Their  first  step  was  to  procure  a  certain  number  of  bars  of  the  same 
specimen  of  the  brands  best  known  in  France,  England,  Belgium,  and 
in  all  producing  countries.  These  bars  were  submitted  to  mechanical 
tests  when  cold  and  when  hot.  From  the  data  obtained  from  thousands 
of  experiments  in  this  way,  the  coefficients  of  strength  were  deduced, 
representing  the  relative  value  of  each  variety.  It  was  found  that  the 
almost  infinite  varieties  of  quality  produced  by  metallurgy  could  be 
grouped  in  seven  chief  divisions,  and  that  these  seven  groups  or  types 
would  satisfy  all  the  needs  of  trade  and  the  consumer.  It  then  re- 
mained to  find  the  means  of  realizing  in  practice  the  manufacture  in  the 
large  way  of  these  seven  types  of  iron  with  uniformity  and  regularity. 
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Chemical  analysis  of  both  the  irons  and  the  ores  was  resorted  to,  and 
the  mixture  of  ores  was  based  upon  the  analysis.  The  result,  after  long 
efforts,  has  been  that  the  Oreuzot  Works  produce  seven  distinct  types  or 
qualities  of  iron,  denominated  by  the  numbers  1  to  7,  which  can  be  re. 
lied  upon,  and  which  have  been  well  received  in  commerce.  The  physi- 
cal properties  of  each  of  these  qualities  of  iron  are  shown  in  the  suc- 
ceeding table. 

IKON. 
Xumerical  table  of  the  physioaJ  properties  of  the  seven  types  of  iron  tMide  at  Creusot* 


PulliDg-strem. 


Iron  in  Itars. 

Bars  turned  to  900"»"'  of 
AeotioD,  and   to  100< 
lonfc.  t 


Sheet-iron, 

Specimens  cat  1,000' 
wide,  SiSOO"""  lonfr,  and 
10mm  to  12™*"  thick. 


Permanent  elongation  at  the  moment  of  breaking. . 

Charge  of  breaking  per  sqaare  millimeter  of  primi- 
tive section. 

Charge  of  breaking  per  square  millimeter  of  the 
section  as  broken. 

"Striotion,"  (or  relation  of  the  primitive  section 
to  the  broken  section.) 


Coefficient  of  quality,  hot  I 


Permanent  elongation  at  the  moment  of  breaking. . 

Charge  of  breaking  per  square  millimeter  of  primi- 
tive section. 

Charge  of  breaking  per  square  millimeter  of  the 
section  as  broken. 

'Striction,"  (or  relation  of  the  primitive  section 
to  the  broken  section.) 


Coefficient  of  quality,  hot  | 


1. 


5 


10 
41 

51.3 

0.800 


15 

37.8 

55. 5 
0.680 


a; 

.a 

OS 


6.5 
33.2 

35.  C 

0. 94(' 


18 
3ri 

60.3 

0.630 


4. 


d 


s 

55 


10         21.5    114.6 
33.7    :a3.5    '.34.4 


I 


37.6     67         40.5 

I  I 

0.895  0,575  0.847 


40 


50 


60 


70 


5. 


6. 


7. 


34 
39.  S 

26.5 
36.7 

112 

55 

0.350 

0.665 

100 


*  The  figures  given  in  this  table  are  the  result  of  numerous  trials ;  nevertheless  they  are  only  eom 
parative  and  approximate. 

t  The  bars  used  were  all  carefully  and  exactly  brought  to  the  same  dimensions,  and  were  tested  in  the 
same  apparatus  and  manner,  and  by  the  same  persons. 

;By  an  empirical  process,  justified  by  experience,  the  comparative  value  hot  is  expressed  by  coeffi- 
cients of  which  the  maximum,  100,  corresponds  to  the  best  charcoal  irons. 

97.  Commercial  steel. — A  similar  method  of  investigation  was  adopt- 
ed in  respect  of  the  various  grades  of  commercial  steel,  and  resulted 
in  grouping  these  varieties  in  three  grand  divisions,  designated  respect- 
ively by  the  letters  A,  B,  and  C. 

The  first  division,  A,  includes  the  great  bulk  of  production  of  steel ;  the 
greater  portion  of  Bessemer  and  of  Martin  steel,  and  some  crucible 
steel  made  in  England,  Belgium,  and  in  France.  This  grade  of  steel  is 
used  generally  in  rails  and  other  objects  of  general  manufacture. 

The  third  division,  0,  includes  steel  of  exceptional  purity,  which,  ac- 
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cording  to  numerous  analyses,  is  only  to  be  found  in  the  best  products  of 
the  crucible  from  charcoal-iron  of  the  best  Dannemora  brand. 

TITe  second  division,  B,  comprehends  the  steels  of  intermediate  quality 
between  A  and  G. 

The  Schneiders  have  undertaken  to  realize  in  their  manufacture  in  the 
large  way  each  of  these  three  standard  types  of  quality  to  a  degree  at 
least  equal  or  superior  to  the  mean  of  each,  and  they  have  adopted  the 
three  marks  A,  B,  and  0  to  designate  three  grades  of  steel  which  they 
claim  to  be  able  to  produce  with  uniformity.  They  observe,  however, 
that  the  physical  properties  of  the  same  metal  are  so  greatly  modified 
by  it9  degree  of  hardness  that  it  is  necessary  to  take  this  hardness  into 
consideration. 

The  elongation  of  bars  of  steel  under  strain  varies  more  with  the 
degrees  of  hardness  than  from  any  small  differences  of  chemical  com- 
position. The  elongation  is  an  essential  quality,  which  for  the  same  bar 
varies  greatly  with  the  different  degrees  of  hardness.  The  classification 
adopted  by  the  Oreusot  Works  is  based  upon  the  hardness  rather  than 
the  composition.  Other  metallurgists  have  taken  the  degree  of  carbura- 
tion  as  the  basis  of  classification. 

This  basis  of  elongation  being  taken  for  the  classification,  it  became 
necessary  to  fix  the  extremes.  For  the  hardest  they  have  selected  a 
steel  which  is  susceptible  of  an  elongation  of  12  to  14  per  cent,  or  an 
average  of  13  per  cent.,  and  for  the  softest,  which  permits  of  34  to  36 
per  cent.,  or  a  mean  of  35  per  cent.,  of  elongation.  They  are  able  to  pro- 
duce at  will  such  steel,  and  to  maintain  the  production,  aa  regards  this 
quality  of  hardness  and  elongation,  within  the  limits  of  variation  of  1 
per  cent.,  more  or  less.  They  have  also  been  able  to  subdivide  each  of 
these  three  groups  A,  B,  and  0  into  grades  of  hardness  differing  by 
2  i)er  cent,  of  elongation,  commencing  at  13  per  cent,  as  the  basis, 
only  as  the  extreme  limit  of  elongation  recedes,  as  the  purity  of  the  steel 
increases,  they  have  9  numbers  for  quality  A,  10  for  quality  B,  and  11 
Dumbers  for  quality  G. 

The  classification  so  adopted,  with  the  numbers  for  each  division, 
and  their  comparative  resistance  to  pulling-strain,  are  shown  upon  the 
annexed  table.  The  bars  used  in  these  experiments  were  all  carefully 
turned  to  a  diameter  giving  200  square  millimeters  of  section,  and  were 
100  millimeters  long.    They  were  hardened  in  oil. 
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STEEL. 


Xuwurical  table  of  i\t  pkffHtal  properties  of  etamdard  wteeU  wuEde  at  Creazot,  bjfquahiif  oj 

metal  and  degree  of  kardneu. 


Degrees  of  hardneM. 


I 


PiiIUDg-«tr»iB  iumed  bkni.  i 
SOf^niS  of  aection  and  , 
iM-aa  in  length. 


Pennment  elongation  at 
the  moment  of  braaUng. 

Breaking-charge  per  aqoare 
millimeier  of  primitire 
aection.  [ 

Breaking-charge  per  aqnare' 
millimeter  of  the  aeetion 
aa  broken. 

"  Striction/'  (or  relation  of  { 
the  broken  section  to  the' 


primitlTe  aeetion. ) 

Charge  corresiMmding  to 
the  limit  of  eiaatidty. 


Coefficient  of  qnality,  hot. 


\i 


at 


Permanent 
the  moment  of 

Breaking-charge  per  aqoare 
prinutiTe 


ekmgation 
breaking. 


millimeter 
aection. 


of 


RnBaking-charse  per  square 

millimeter  of  tne  section 

as  broken. 
*'  StrictioD,"  (or  relation  of 

the  broken  section  to  the 

primitive  section.) 

Charge  corresponding  to 
the  limit  of  elasticit j. 


Coefficient  of  qoalitj,  hot. 


130 

195 

i               130 

1 

i             190            1             ISO 
,              1S5                          1^5 
1             130            •             130 

190 
123 
130 

I 

1 

Decrees  of  hardness. 

\ 


A 
B 
C 


5 

1 

6 

1 

7 

6 

red. 

1 

1 

1 

t 

a 

1 

1 

1 

a 

a 

■    8. 

1 

•     1 

S. 

s. 

1 

Si 

\     -S 

S. 

i     J 

i 

5 

s 

o 

'          § 

1     .? 

§ 

1     ^ 

H 

^ 

H 

^ 

•      H 

:   ^ 

H 

1 

ILl 

93 

13.9 

95 

14.6 

97 

18 

91 

19l6 

93 

14.8 

95 

17 

97 

19.5 

91 

ia3 

93 

16 

95 

18.9 

97 

90.6 

esLe 

88.6 

58 

79.7 

53.9 

68.6 

49.9 

61.9 

64.4 

91 

59.7 

dS 

55 

XLi 

'  50.5 

65.8 

6S.9 

99 

61.5 

89.6 

56.8 

ei.9 

52.9 

79.6 

105i6 

123 

106.8 

196l5 

108 

19i  1 

no 

199.7 

110.8 

136.9 

113 

13A7 

115.9 

149 

119 

145.1 

115.5 

151.9 

119.6 

156 

123.9 

16a  5 

127.5 

165.4 

0.595 

0.710 

0.544 

1       0.695 

0.492 

(       0.535 

,    0.441 

0.473 

0.5d2 

0.670 

asss 

)       0.590 

0.471 

r       0.590 

I    0.495 

a  453 

0.570 

0.655 

a  514 

[       0. 575 

0.46C 

1       0.508 

a409 

a  443 

33.9 

56.9 

31 

50.3 

98.8 

43.8 

,  96.6 

37.8 

35.8 

62.1 

3:i8 

55 

31.8 

49.8 

99.6 

44.7 

38.3 

1 

68.8 

36.5 

69.9 

34.8 

56l9 

39.7 

51.9 

'                19 

[) 

1-20             1 

120 

115 

la 

S 

123             , 

125 

t 

120 

13( 

9 

130             < 

130 

125 
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Numerical  table  of  the  physical  properties  of  standard  steels,  ^e. — ContiDued. 


FiiIliD^fttrain  torned  bars, 
200'nin2  of  section  and 
lOOmm    la  length. 


a 
cr 


•a 


Peno&nent  eloDgation  at 
the  moment  of  breaking. 

Breakinj{;>cfaarg6  per  sqnare 
millimeter  of  primitive 
section. 

Breaking-cbarse  per  square 
millimeter  of  tlie  section: 
as  broken.  | 

*•  Striction,"  (or  relation  of, 
the  broken  section  to  the 
primitive  section.)  ' 

Charge  corresponding   to 
the  limit  of  elasticity.       ' 


Coefficient  of  quality,  hot 


■'l 


A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 


A 
B 
C 


Degrees  of  hardness. 


9 


10 


§ 

I 


90 

39 

29 

45 

46.7 

48.2 
114 
133 
132.6 
0.  395 
0.379 
0.363 

22.5 

27.5 

30.7 


a 
S 
H 


21 
22 
23.4 

56.2 
58.8 
63.8 
131.3 
147.5 
170 
0.438 
0.398 
0.375 
33.6 
40 
45.3 


110 
Its 
120 


■i 

a 


1 

s. 

a 


II 


I 

Pi 

I 

■«» 
O 

JZ5 


33 
32 


41.3 
43.5 


127 
140 


0.325 
0.310 


23.6 
27.8 


24.2 
97.6 


51.2 
53.2 


152 
175.9 


0.337 
0.305 


33 
37.9 


110 
115 


35 


39.3 


146.6 


0.268 


94.4 


s 
a 


33 


46 


180.5 


0.255 


32.8 


110 


98.  ^Notwithstanding  the  great  number  of  the  experiments  and  the 
care  with  which  they  were  made,  the  figures  are  not  given  as  absolutely 
and  mathematically  accurate,  but  as  approximations  and  comparative* 
They  vary  of  course  somewhat  according  to  the  operator,  the  instruments, 
the  form,  and  the  preparation  of  the  specimen,  and,  further,  according 
to  the  intrinsic  qualities  of  the  metal.  The  bars,  however,  were  all 
formed,  as  nearly  as  could  be,  in  the  same  manner  and  turned  to  the  same 
dimensions,  and  the  experiments  were  confided  to  the  same  person,  and 
were  all  conducted  alike. 

99.  Resilience, — The  results  published  by  the  Oreuzot  Works  at 
Vienna  comprise,  it  will  be  noted,  only  elongation  and  "  striction,''  (the 
relation  between  the  area  of  the  fracture  and  the  original  section.) 
Other  experiments  upon  pressure  and  blows  have  been  made  in  great 
numbers;  but  owing  to  the  extreme  difficulty  of  breaking  the  bars,  es. 
pecially  among  the  higher  numbers,  it  has  not  yet  been  possible  to  tabu- 
late all  these  results.  The  conclusion,  however,  is  that  in  a  general  way, 
for  steel  of  equal  quality,  the  resistance  to  shocks  has  a  constant  relation 
to  the  softness  of  the  metal ;  therefore,  for  most  uses,  and  particularly 
for  machinery,  preference  should  be  given  to  soft  steel. 

100.  The  experiments  have  not  only  been  laborious  but  delicate,*  and 
have  occupied  years  of  time.  The  tabular  statements  represent  only 
the  first  part  of  a  series  which  the  Schneiders  contemplate  publishing, 

*  For  ascertainiDg  the  charge  corresponding  to  the  limit  of  elasticity,  the  experi- 
menter used  the  cathetometer  of  Fromeut,  with  two  lenses. 
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and  these  were  presented  in  advance  simply  on  account  of  the  exhibi- 
tion. Chemical  investigations  of  all  the  steels  and  the  materials  ased 
are  also  in  progress. 

Each  ponring  of  steel  at  the  works  is  submitted  to  physical  tests,  and 
these  are  combined  from  time  to  time  with  chemical  analyses,  and  these 
investigations  are  conducted  in  such  a  manner  that  the  production  of 
steel  is  under  the  closest  surveillance  and  control,  and  can  always  be 
kept  within  the  prescribed  limits  as  to  quality. 

101.  Deductions, — ^The  examination  of  the  tabulated  results  here  pre- 
sented suggests  some  general  conclusions.  In  regard  to  the  hardness, 
it  is  seen  that  it  is  less  affected  by  the  tempering  in  proportion  to 
the  softness  of  the  metal.  At  the  extreme  of  the  grouping  and  for  the 
purest  metal  the  hardening  does  not  greatly  affect  the  elongation,  but 
increases  the  other  properties.  This  metal  is  a  kind  of  homogeneous 
iron,  or  melted  iron,  the  chemical  composition  of  which  is  the  same  as 
that  of  the  best  charcoal-irons.  We  pass  by  insensible  degrees,  in  a 
chemical  point  of  view,  from  the  hardest  steel  to  the  softest  iron,  with 
this  great  difference  always,  that  the  iron  is  produced  by  the  agglutina- 
tion of  elements  more  or  less  thoroughly  welded,  while  steel  is  the  re- 
sult of  fusion,  which  assures  its  homogeneity,  and  gives  it  special 
qualities. 

102.  The  second  observation  is  that,  under  the  generic  name  of  steely 
some  thirty  different  qualities  are  recognized  and  differentiated  by  their 
physical  properties  and  by  their  chemical  constitution,  giving  distinct 
metals,  so  to  speak.  There  is  no  resemblance  between  quality  A,  No.  1, 
and  quality  0,  Ko.  11.  The  name  is  the  same,  but  the  substances  are 
different.  This  apparently  very  simple  matter  is  of  great  importance  in 
practice.  A  failure  in  an  application  of  steel  proves  nothing  against  it, 
but  rather  against  the  choice  made  of  the  quality,  which  may  not  have 
had  any  adaptation  to  the  purpose  in  view. 

It  is  impossible  to  define  ^^  good  steel"  in  an  absolute  manner.  Tool- 
steel  is  not  adapted  to  the  construction  of  machines.  It  is  the  same  with 
iron.  A  quality  which  is  excellent  for  sheets,  gives  miserable  rails,  and 
reciprocally.  In  the  varieties  of  iron  and  of  steel  made  at  Grenzot,  each 
purpose  or  application  of  these  substances  may  find  its  appropriate 
quality.  The  product  best  adapted  to  the  end^n  view  may  be  selected 
with  confidence.  The  tables  which  are  published  are  intended  as  a 
guide  to  the  consumer,  who  will  select  the  number  of  iron  or  steel  which 
has  the  physical  qualities  best  suited  to  his  purpose.  The  following 
general  statement  is  also  to  be  considered : 

Bails  are  always  made  of  quality  A,  of  which  the  numbers  of  hard- 
ness range  from  1  to  5,  according  to  the  preferences  of  railway  com- 
panies, the  conditions  of  track,  climate,  traffic,  &c.  French  railways 
generally  use  hard  rails;  American,  soft  rails;  and  Bnssian  railways 
prefer  rails  of  intermediate  quality.  For  tires,  parts  of  machines,  axles, 
sheets,  &c.,  the  higher  numbers  of  quality  A  are  most  used,  but  it  is 
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better  to  use  qnality  B.  The  qaality  (J  is  used  for  sjiecial  purposes, 
sach  as  certaiQ  platea,  axles,  ordnacce,  and  other  exceptional  objects 
which  reqaire  the  greatest  possible  strength  of  metal. 

103.  for  commercial  purposes,  use  is  made  of  the  annexed  tables  of 
price  and  of  hatdness. 

IncTtiue  o/priee  aamrdivg  to  iHality,  Jiarintti,  ^c. 


MukB. 

Bj  qiudity. 

ByhardneMnonibara. 

CmiwtA 

sSl--'- 

(P.rDnnib«:.) 

COMMERCIAL  HAKDNESS  TABLB,  CEBDZOT. 
mettrt  U>ng. 

Qullly  A 
QiuUlT  B 
QoaUlj-C 


CluaUcation  nnmbera. 


IRON  LINING  FOR  MINING-SHAFTS. 

101.  The  company  dea  EauU-Fovrneaux  do  Marquise  exhibit  large  cast 
linings  for  ciroular  shafts  sunk  on  the  Chaudrou  and  Kind  systems. 
They  tiave  made  these  liniugs  of  the  following  diameters  : 

Eilerior      Inlwior 

1868 2».40  2-.16 

1868-1871 3  .45  3  .21 

1872-1S73 3  .89  3  .65 

TUey  have  supplied  liniogs  to  the  following  localities : 

BBigbtot 

Bscarpelle  Company,  France 87™.00 

Bscarpelle  Company,  France 75  .00 

Calcasieu,  United  States,  Louisiana 135  .00 

MenschtD,  France " 75  .00 

Douehy 49  .50 

De  Li4vin 70  .50 

The  maximum  thickness  of  these  linings  is  45  millimeters.  They 
generally  will  sustain  a  pressure  of  nearly  13  atmospheres  ;  the  maxi- 
uinm  is  18  atmospheres. 

VAEIOUS  EXHIBITS,  PEANCE. 

105.  The  establishment  of  Eevollier  Bietrix  et  Cie.,  St  Etienne,  ex- 
hibit cast 'Steel  tires,  and  a  nambei'  of  other  firms  of  the  Loire  united  in 
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a  collective  exhibition  of  considerable  interest.  The  SociSU  Anonyme 
des  Acieries  et  Forgoes  of  Firmiuy,  Loire,  under  the  direction  of  F.  F. 
Yerdie,  manafacture  railway  material,  rails,  axles,  tires,  cast  steel,  &c. 
They  have  a  capital  of  3,000,000  francs,  and  a  production  in  1872-'73 
valued  at  10,000,000  francs.  They  prodace  21,600  tons  of  pig-iron  an- 
nually. 

The  Soci^tS  des  Acieries  A  Urmont  exhibit  a  variety  of  articles  of 
cast  steel  in  illustration  of  the  Lesset  process,  (3  Boulevard  Hansmauf 
Paris,)  consisting  of  wheels,  plowshares,  ornaments,  cog-wheels,  tools, 
gratings,  railway-frogs,  axes,  &c.  Some  grape-leaf  ornaments  are  very 
sharp  and  delicate,  with  a  fine  surface.  The  samples  are  malleable,  and 
bear  doubling  up  when  heated.  The  same  firm  send  a  large  drawing) 
in  colors,  of  a  furnace  for  heating  crucibles  by  Ponsard's  process,  illus- 
trated also  by  folio  plates  published  by  the  SocietS  MStallurgiqne 
pour  Vexploitation  du  proddM  Ponsard. 

106.  Algerian  obes. — ^There  are  some  masses  of  specular  iron-ore 
from  the  departments  of  Oran  and  of  Oonstantine,  also  hematites  and 
siderite  and  peroxide  of  manganese.  These  are  shown  by  the  mining 
department  of  Algeria.  The  ores  of  Mokta-el-Hadid  appear  in  the 
exhibition  made  by  Greuzot  and  by  other  establishments.  The  produc- 
tion of  iron-ore  in  Algeria  was  nearly  400,000  tons  in  1872.  Mokta-el- 
Hadid  supplied  over  350,000  tons.  According  to  Forbes,*  the  company 
owning  this  mine  raised  and  sold  372,849  tons,  and  divided  7^  per  cent, 
on  the  capital  stock.    The  profit  for  1872  reached  the  sum  of  £119,797. 

The  number  of  men  employed  in  the  iron-mines  of  Algeria  at  the 
commencement  of  the  year  1874  was  2,655.  The  exportation  of  iron- 
ores  during  the  years  1872  and  1873  was  as  follows,  in  metrical 
tons : i 


To— 


France 

KetherlaDds . . 

Belginm 

OermaDV 

England 

^sdn 

united  States. 


In  1873. 


867,331 
64,965 
13,670 


62,098 

25 

11,504 


418,893 


In  1872. 


231.598 

40,960 

4,290 

1,562 

61, 157 


359,497 


The  portion  shipped  to  the  Netherlands  was  for  transmission  to  Ger- 
many. 

*Koport  on  the  Progress  of  the  Iron  and  Steel  ladustries  in  Foreign  Coantries,  1673. 
t  From  reports  of  David  Forbes,  1875. 
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Hope  furnack  and  mills  at  Li^^oe;  Sclbssin  Company;  Rolled  tires,  Ougr^e 
Company;  John  Cockerill  Company  ;  Description  of  the  Cockbrill  Works, 

MINES,  COKE-FURNACES,  ETC. ;  ThE  PRODUCTS  OF  THE  WORKS  ;  MiNING-MACHINERY. 

107.  The  exhibitors  of  iron  and  steel  iQ  Group  I,  from  Belgiam,  are  bat 
few,  and  there  is  a  notable  absence  of  any  printed  information  concerning 
the  iron  and  steel  indastry,  or  indeed  any  of  the  indastries  classed  in 
the  first  gronp,  while  ander  agricaltare,  the  second  group,  the  catalogue 
is  enriched  with  statistical  descriptions. 

The  chief  exhibitors  are — 

SodStS  Anonyme  des  CharhonnageSj  Haut-Fourneaiix  et  Laminoirs  de 
VE^Srance^  at  Li^ge,  and  at  Seraing,  near  Li6ge.  This  company  sends 
samples  of  coal  and  coke,  and  of  pig-iron,  at  150  francs  the  1,000  kilo- 
grams, and  sheet-iron  from  450  francs. 

The  quantity  and  value,  estimated,  of  the  production  of  the  Belgian 
iron-works  in  the  years  1871, 1872,  and  1873  is  given  as  follows  :* 

BELGIAN  IBON-WOEKS. 


187L 


BlAst-fnmaces : 

Namber  in  activity 

PlfT-iron  in  tons 

Yalne 

Foanderies : 

Kumber  of  works 

Prodacti(Mi  in  tons 

Value 

Forgea: 

Number  of  works 

Production  in  tons 

Value 

Iron-workshops : 

Number  of  works , 

Production  in  tons 

Vahie 

Iron -mines : 

Irou-ore  extracted,  tons 

Value 

Steel: 

Number  of  steel-works. 

Production  in  tons 

Value 


48 

609. 2:)0 

£4, 794,  552 

174 

70,  427 

£538,561 

58 

467,216 

£3,  369,  787 

62 

33, 145 

£474,119 

697, 272 
£253, 107 

9 

8,900 
£126.800 


1672. 


52 

655,  565 

£2, 616, 823 

168 

79,863 

£841, 685 

57 

502,577 

£4,  979, 254 

63 

28.393 

£427, 962 

749,  781 
£295, 617 

3 

15.284 

£231, 240 


1873. 


54 

607,373 
£2, 809, 92!) 

176 

81.393 
£1, 000,  291 

53 

480, 374 
£5, 570, 002 

54 

23.058 

£428,025 

503, 5f  5 
£240, 891 

3 

19,050 
£311,  200 


VAnnuaire  statisHque  de  la  BelgiquCj  cited  by  David  Fortes. 
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The  official  returns  published  by  the  ministry  of  finance  show  the 
following  as  the  importations  and  exi)ortations  of  iron-ores  and  cast  and 
wrought  iron  of  every  description: 


IRON-ORES. 


Importations,  in  metrical  toD& 


1874. 


Germany 549,996 


Netherlands 

England 

Fruice 

Spain 

Italy 

Algeria 

Sweden  and  Norway 
other  coantries  ,..'.. 


13.592 

4,744 

180,401 

19,  763 

800 

2,549 

1 

2 


Total 764,778 


1873. 


487.468 

9,467 

.380 

227,247 

10,  013 

'      191 

4,016 

755 


1872. 


586.038 

13, 656 

624 

180,360 

7,  932 


1,966 
14 


CAST  AND  WROUGHT  IRON. 


Exportatioua,  in  metiical 
tons. 


1874. 


1.268 

14,536 

3 

92.355 


40 


rJ9,536  I    790,590  |     108,202 


1873. 


35.299 

.^6,555 

19:2 

1*22, 993 


215, 029 


le72. 


34. 162 
41,  le7 


103,647 


178,996 


Pig  and  scrap 

Castings 

Bar-iron 

Ralls 

Plates  and  sheets 

Other  wrought  iron 

Anchors  and  chains 

Nails 

other  manufactured  iron. 


Total 


Importations,  in  metrical  tona 


1874. 


I 


161, 485 

1,175 

2,546 

14.  431 

422 

3,265 

94 

577 

3,221 


1873. 


145,211 
1,265 
2,508 
9,677 
1,279 
4,710 
111 
477 
3,  .588 


187,216  I     168,826 


Exportations.  in  metrical 
tons. 


1872. 

1874. 

1873. 

137, 008 

11, 137 

27,907 

981 

5,096 

5.965 

.3.090 

2,937 

9,911 

7,512 

92,226 

79,949 

562 

96,090 

18. 910 

3,823 

103,807 

87,597 

78 

5 

17 

341 

11,066 

9,765 

3,536 

16,555 

19,803{ 

156,  931 

268,919 

936,716 

1872. 


49,096 

5,023 

9,611 

81.495 

94,282 

101,654 

31 

13,346 

15,380 

992,918 


108.  Beams,  girders,  etc. — Soci6U  Anonyme  des  Hauts-Foumeaux^ 
Mines  et  Charhonnages  de  ISchssin^  near  Li^ge.  This  company  exhibits  a 
variety  of  beams,  girders,  round  iron  and  steel,  angle-iron  and  segment- 
iron  for  forming  hollow  posts,  andiron  and  steel  rails,  for  all  of  which 
they  claim  superiority  of  form  and  manufacture.  Their  list  of  prices 
(November,  1872)  is  as  follows : 

Francs- 
Girders,  300»>°»,  price  per  %  kilograms 46. 00 

250,  237,  235 44. 00 

135  by  150  and  130  by  150 40. 50 

Segmental  iron  for  beams  and  posts 38. 00 

Iron  rails ........  32. 00 

Steel  rails 46. 00 

109.  EoLLED  TIRES.— The  Ouftr6e  Company  of  Seraing,  {SocUte  He 
la  Fahrique  defer  d'Ovgree  a  Seraing,  pres  Liege,)  of  which  M.  Meckel  is 
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the  general  director,  makes  a  fine  exhibition  of  rolled  weldless  tires  for 
railway-carriages,  tenders,  and  locomotives ;  also  car- wheels  and  axles, 
all  either  of  fine-grained  iron,  puddled  steel,  or  Bessemer  steel.  The 
tires  are  beautifully  arranged  one  above  another,  held  together  by  bands 
and  bolts,  so  that  they  form  a  high  pyramid,  with  the  smallest  tires  at 
at  the  top.  One  of  the  tires  shown  is  10  feet  or  more  in  diameter.  The 
rings  of  steel  from  which  the  tires  are  rolled  are  also  shown,  together 
with  numerous  illustrative  sections  of  axles  aud  tires  displaying  the 
quality  of  the  material. 

This  establishment  was  founded  in  1836.  It  has  participated  in  most 
of  the  great  iuternatioual  exhibitions,  and  has  received  numerous  medals. 

JOHN  COCKERILL   COMPANY,  AT  SERAING. 

The  principal  establishments  of  the  Cockerill  Company  are  situated 
at  Seraing,  Belgium,  six  miles  from  the  town  of  Liege,  in  the  valley  of 
the  Meuse,  upon  the  carboniferous  formation  which  runs  through  the 
territory.  They  occupy  the  estate  which  was  used  as  a  summer-resi- 
deuce  by  the  bishop-princes  of  Li^ge  until  the  end  of  the  last  century. 

110.  Societe  John  Cockerill. — But  by  far  the  most  important  exhi- 
bition in  this  department  from  Belgium  is  that  made  by  the  celebrated' 
works  of  John  Cockerill,  concerning  which  interesting  information  was 
freely  supplied,  and  is  as  freely  used. 

The  works  comprise  coal  and  iron  mining,  the  reduction  ot  the  ores, 
the  fabrication  of  cast  and  wrought  iron  and  steel,  the  construction  oi 
machines  and  mechanical  and  manufacturing  engines,  boilers,  metallic 
bridges  and  vessels. 

The  management  is  vested  in  a  board  composed  of  five  members, 
assisted  by  a  director-general. 

The  establishments  comprise  the  offices  for  the  directiou,  a  special 
engineering  service  for  the  studies  of  construction,  a  library,  and  a  lab- 
oratory for  analyzing  the  raw  materials.  There  are,  as  respects  the 
working,  eleven  special  divisions,  managed  by  chief  engineers. 

The  foundation  of  the  Seraing  establishments  is  due  to  John  Cock- 
erill, born  at  Haslington,  Lancashire,  on  August  3, 1700.  His  father 
had  in  1790  introduced  at  Li6ge  the  construction  of  machines  for  wool- 
spinning,  and,  after  having  acquired  there  a  great  fortune,  left,  in  1813, 
his  factories  to  his  two  sons,  James  and  John. 

Coal  and  iron  mining,  the  smelting  of  charcoal  pig-iron,  and  wrought- 
iron  works  had  been  organized  in  the  Li6ge  territory  for  centuries. 
Besides  husbandry  and  connected  occupations,  the  working  class  of  the 
country  was  mostly  composed  of  coal-miners,  smelters,  blacksmiths, 
cutlers,  nail-makers,  lock  and  gun  smiths.  3Iaterials  and  workmen 
were  not  wanting. 

In  1817,  Cockerill  Brothers  bought  from  the  Netherlands  government 
the  palace  of  Seraing,  with  its  appendages,  and  established  at  first  works 
for  the  construction  of  steam-engines  and  machines  for  spinning  flax, 
and  afterward  a  flax-spinning  mill. 
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John  Cockerill  came  to.reside  at  Seraiog  in  1822,  and  bought  the  grant 
of  coal-mines  upon  which  the  works  stand,  and  took  the  proper  meas- 
ures to  introdnoe  on  the  continent  the  smelting  of  cast  iron  with  coke 
and  the  fabrication  of  iron  according  to  the  English  process. 

The  working  of  the  fiictory  was  then  4shiefly  supported  by  orders  firom 
the  Neth^lands  government.  In  1834,  magnificent  steam-engines  of  300 
horse-power  were  constructed  under  John  Cockerill's  supervision  for  the 
menof-war  of  the  country,  whUe  the  English  navy  had  engines  of  150 
horsepower  only. 

In  1826,  the  first  coke  blastfurnace,  the  furnaces,  the  rollers,  the  ham- 
pers, the  blast-engines,  and  the  engines  for  the  iron-fiictory,  were  used. 
The  coal-pits  were  fitted  up  with  powerful  exhausting  and  drawing  ma- 
chines. 

The  first  continental  railway  was  decreed  by  the  Belgian  government 
after  the  revolution  of  1830,  and  the  first  locomotive  was  constructed  for 
that  railway  in  1834,  by  the  Seraing  Works,  which,  soon  after,  supplied 
all  the  engines  for  the  beginning  of  the  Belgian  net- work  of  railways. 

The  Seraing  establishment  continued  to  increase  rapidly  until  the  de- 
mise of  John  Cockerill,  which  happened  in  1840.  It  comprised,  in  1842, 
at  the  formation  of  the  joint-stock  company — 

1st.  The  grant  of  coal-mining,  with  three  collieries  furnished  with  all 
the  pumping  and  lifting  engines. 

2d.  Thirty-seven  coke-kilns  of  large  size. 

3d.  Two  blast-furnaces  with  steam-bellows,  and  grants  of  iron-mines. 

4th.  A  vast  iron-smeltery  and  a  copper-foundery . 

5th.  An  iron-factory,  with  35  reverberatory  furnaces,  5  sets  of  rollers, 
the  hammers,  the  divers  steam-engines,  the  tools  and  apparatus  to 
complete  the  fabrication. 

6th.  An  engine  and  boiler  factory,  containing  141  forge-furnaces,  280 
lathes  and  boring-machines,  200  planing,  grooving,  tapping,  and  perfo- 
rating machines,  &c 

There  were  2,200  eraployds  and  workmen. 

The  moving  power  was  equal  to  920  horse-power. 

The  Seraingestablishments  were  placed,  in  1829,  by  John  Cockerill,  un- 
der the  general  superintendence  of  Gustave  Pastor,  his  nephew,  and  the 
latter  continued  his  services  when  the  company  was  formed  until  1866, 
at  which  time  M.  Pastor  withdrew  and  was  replaced  by  M.  E.  Sadoine, 
chief  engineer  of  the  government  navy,  now  the  general  director. 

The  gradual  improvements  of  the  works,  continually  enlarged,  have 
brought  the  productive  powers  of  the  various  divisions  to  theirjpresent 

state.    They  now  comprise — 

Coalmines.— Foui  collieries,  with  8  shafts  for  raising  the  coal  to  the 
top,  ventilation,  exhaust,  letting  down  and  bringing  up  the  workmen 
by  Fahrknnst ;  24  engines,  together  of  900  horse-power ;  2,400  workmen 
Since  1867,  women  work  no  longer  in  the  collieries  of  the  company. 
Annual  production  of  fuel,  350,000,000  kilograms. 
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Coke-furnaces. — Four  groaps  coinprisiDg  143  horizontal  kilus,  12 
groaps  comprising  216  Appol  kilns,  3  hammers,  and  6  washers;  6  steam- 
engines  to  pall  oat  the  coke,  13  steam-engines  of  J 63  horse-power  col- 
lectively ;  140  workmen.  Annaal  production  of  coke,  140,000,000  kilo- 
grams. 

Iron-mines. — Thirty  mines  in  the  Belgian  provinces  of  Li^ge  and  Na- 
mar,  in  Laxemboarg,  and  in  Spain.  Seventeen  engines,  equal  to  306 
horsepower;  800  workmen.  Annaal  production  of  the  mines,  150,000,000 
kilograms. 

Blast-furnaces. — Five  blast-furnaces,  with  apparatus  for  heating  the 
air,  and  tapping-sheds  for  ordinary  casting,  yielding  annually  55,000,000 
kilograms;  4  blast-furnaces  for  steel  pig  now  building;  15  engines,  col- 
lectively of  480  horse-power ;  300  workmen. 

Founderies. — ^Two  iron  founderies  and  one  of  copper,  2  workshops  for 
earthen  molding,  steam-cranes,  1,000,000  kilograms  foundery  frames;  6 
engines,  of  90  horse-power  collectively;  280  workmen.  Annual  produc- 
tion, 5,000,000  kilograms. 

Ironworks. — Seventy-five  reverberatory  furnaces,  12  rollers,  7  ham- 
mers; 55  engines,  of  1,900  horse-power  collectively;  1,240  workmen; 
40,000,000  kilograms  in  rails,  girders,  bar  and  sheet  iron  as  annual  pro- 
duction. 

Steel-works. — Ten  Bessemer  converters  from  5  to  7  tons,  6  of  which 
are  being  mounted ;  16  reverberatory  furnaces,  7  hammers,  4  rollers ;  4i 
engines,  of  3,079  horse-power  collectively ;  560  workmen ;  17,000,000 
kilograms  steel  as  annual  production,  before  the  use  of  the  unmounted 
apparatus. 

Forges. — ^Twelve  reverberatory  furnaces,  7  hammers,  70  forge-furnaces  5 
5  engines,  of  288  horse-power ;  200  workmen ;  1,500,000  kilograms  me- 
chanical pieces  as  annual  production. 

Fngineshops, — ^Three  hundred  and  sixty-eight  lathes,  mortisers,  plan- 
ers, perforators,  tap-borers ;  5  machines  to  forge  bolts  and  screw-nuts  ; 
2  hydraulic  presses ;  moving-cranes,  stationary  steam-cranes,  and  others ; 
20  engines ;  1  hammer  of  264  horse-power ;  1,400  workmen ;  7,000,000 
kilograms  machines  and  mechanical  apparatus  as  annual  production. 

Bridge  and  boiler  building. — Fifty-five  drilling,  arching,  cutting, ^lan  - 
ing,  canting,  and  clinching  machines ;  3  hammers;  54  forge-furnaces  ;  11 
engines,  of  120  horse-power  collectively;  510  workmen  ;  6,000,000  kilo- 
grams boilers  and  bridges  of  various  kinds  as  annual  production. 

Antwerp  ship-building  yard. — Stock  of  tools  appropriate  for  a  ship- 
bander's  yard,  covered  stocks,  rafts  and  boats,  shear,  slides  and  slips 
for  launching  sea  and  river  steamers;  steam-carpentry  and  joinery;  2  en- 
gines of  15  horse-power ;  680  workmen :  2,500,000  kilograms  naval  con- 
structions as  annaal  production. 

Interior  conveyances  and  forwarding. — Fifteen  locomotive-engines,  from 
10  to  15  horse-power,  employed  on  the  junctions  of  the  interior  rail- 
ways with  the  North  line;  420  workmen  ;  60  horses,  15  of  which  in  the 
collieries. 
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112.  Miscellaneous  Statistics. — The  area  of  the  works  is  200  acres,  inter- 
sected with  22  kilometers  railways  of  large  section,  and  12  kilometers 
of  small;  containing,  besides,  a  basin  commnnicatingwith  the  Mease 
by  a  canal,  and  2  wharves. 

In  1872  there  were  8,912  people  occupied,  employes  and  workmen,  for 
all  the  works. 

There  were  254  steam-engines,  of  7,834  horse-power  in  all. 

The  wages  paid  annually  amonnt  to  8,500,000  francs. 

The  consumption  of  fuel  amounts  to  350,000,000  kilograms. 

The  production  of  the  divisions  is  25,000,000  to  30,000,000  francs. 

The  establishment  owns  on  the  heights  of  Seraing,  in  a  very  healthy 
situation,  a  vast  infirmary,  kept  by  nuns;  it  holds  eighty-five  beds.  A 
special  physician  is  attached  to  it.  An  orphan  asylum,  containing  at 
present  forty-one  children  of  both  sexes,  adjoins  it. 

The  establishment  possesses  also  a  dispensary,  which  delivers  medi- 
cines gratuitously  to  the  persons  attached  to  its  works  and  their  families. 

In  each  division  there  is  a  refectory  established  after  the  best  manner, 
for  the  meals  of  the  workmen  and  the  preservation  of  their  food ;  some 
kitchens  are  added  to  several  of  these  refectories,  and  some  baths  are 
put  up  at  the  collieries  for  the  miners. 

Lastly,  a  society  for  relief  and  pensions  is  instituted,  without  being 
compulsory,  for  the  people  of  the  works,  and  the  establishment  accords 
ABsides,  out  of  its  own  funds,  temporary  relief  and  pensions  to  the  work- 
men and  employes  not  concerned  in  that  society. 

The  Seraing  works  have  constructed,  (January  1, 1873:)  2,100  steam- 
engines,  from  4  to  600  horse-power,  for  all  manufacturing  purposes; 
900  locomotive-engines ;  31,500  sets  of  mechanical  apparatus  and  vari- 
ous pieces  for  manufactories,  complements  for  factories,  repairs,  for 
mining,  the  redaction  of  ores,  the  fabrication  of  metals,  buildings,'sngar- 
works,  plate-glass  manufactories,  paper-mills,  spinning-mills,  trellis  and 
suspension  bridges,  iron-clad  turrets,  &c. 

The  ship-yards  of  Antwerp  and  St.  Petersburg  (the  latter  discontinued ) 
have  supplied  navigation  with  282  sea  and  river  steamers,  yachts,  mail- 
steamships,  steam-tugs,  pilot-boats,  light-ships,  dredginginachines,  trans- 
port-ships for  travelers  and  merchandise,  transatlantic  packets,  floating 
docks  for  iron-clad  frigates  of  the  first  class  and  monitors. 

The  Gockerill  Company  has  facilities  and  implements  sufficient  to  sup- 
ply annually  100  locomotives;  70  steam-engines,  from  4  to  1,000  horse- 
power and  above,  for  maritime  navigation;  1,500  sets  of  mechanical 
constructions,  complete  works,  special  apparatus,  repairs,  &c. ;  6,000 
tons  various  bridges,  turn-tables,  &c. ;  sea  and  river  steamers  of  5,000 
tons  burden  altogether;  besides  the  surplus  not  consumed  in  its  works 
of  fuel,  ores,  cast  and  wrought  iron,  rails,  and  steel  above  mentioned. 

At  Li^ge,  by  the  initiative  of  Gockerill,  senior,  the  first  factory  for 
spinning-machines  was  established  on  the  continent,  and  at  Seraing,  by 
John  Gockerill,  the  first  coke  blast-furnace  and  the  first  puddling-fur- 
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nace  was  pat  into  operation,  and  afterward  the  first  coke-kilns  were 
erected  for  the  making  of  iron  after  the  English  method. 

The  first  steam-engine,  and  afterward  the  first  locomotive-engine,  on 
the  continent  were  constructed  at  Seraing. 

From  1824,  besides  the  large  steam-engines  for  maritime  navigation, 
the  Cockerill  establishment  constructed  very  powerful  steam-engines 
for  the  drainage  of  the  collief  ies  of  the  Li^ge  Yalley,  where  they  are 
still  working. 

The  establishment  has  been  constantly  improving,  and  has  from  its 
foundation  maintained  the  first  rank  for  its  various  productions,  as 
shown  by  its  uninterrupted  growth,  the  steady  increase  of  its  business, 
and  its  success  in  all  the  exhibitions  in  which  it  has  taken  part. 

It  exhibits  at  present  at  Vienna  the  following  constructions  and 
products : 

113.  Facket-boatengine.-^'^iiTine  engine  of  220  nominaHiorse-powerfor 
the  mail-service  of  the  Belgian  government  between  Ustend  and  Dover. 

The  steamers  carrying  the  mail  between  Belgium  and  England  are 
remarkable  for  their  great  and  regular  speed,  their  accommodations, 
and,  above  all,  they  are  appreciated  for  their  nautical  qualities  in  stormy 
weather.  Their  speed  in  calm  weather  reaches  17  knots  an  hoar,  and  is 
not  exceeded  by  that  of  any  other  Channel  steamer.  The  average  pas- 
sageduring  six  months,  between  Ostend  and  Dover,  has  been  4  hours 
4  minutes. 

This  result  is  not  inferior  to  that  of  the  steam-packets  between  Holy- 
head and  Dublin,  of  2,000  tons,  with  engines  of  750  horse-power. 

This  speed  is  owing  to  the  perfect  forms  of  the  ships,  to  the  relative 
power,  to  the  combination  and  excellent  make  of  the  engines. 

The  latter  have  given  at  the  official  trials  a  power  stated  at  nearly 
1,600  horses. 

The  brilliant  success  obtained  by  the  first  of  these  ships,  supplied  in 
1866  to  the  Belgian  government,  the  Louise  Marie,  and  the  require- 
ments of  the  mail-service,  induced  the  government  to  cause  seven  of  these 
steamers  to  be  built  without  the  least  change  of  model.  Six  are  running 
regularly.    The  engine  destined  for  the  seventh  is  at  the  exhibition. 

Air  the  principal  forged  pieces  are  Bessemer  steel,  coming  from  the 
steel- works  of  the  Cockerill  Company,  such  as  the  shafts,  the  connecting- 
rods,  and  the  columns. 

The  ships  have  been  built  in  the  ship-yard  of  the  company  at 
Antwerp;  the  engines  in  the  works  at  Seraing.  Length  at  water-line, 
200  English  feet;  breadth,  extreme,  20  English  feet;  depth,  13  feet  3 
inches ;  register,  gross,  568  tons ;  draught  with  40  tons  of  coal,  7  feet ; 
register,  net,  505  tons. 

The  dimensions  of  the  engines  are  as  follows: 

Diameter  of  the  cylinders,  58  inches;  stroke  of  pistons,  4  ft.  6  in.;  ex 
treme  diameter  of  the  wheels,  21  feet;  breadth  of  the  paddles,  7  ft.  10 
in. ;  pressure  per  square  foot  of  the  boilers,  30  pounds. 

The  magnificent  steamer  Alexandre  II,  built  by  the  company  for  the 


136  VIENNA   INTERNATIONAL   EXHIBITION,  1873. 

Volga,  is  provided  with  eugiDes  similar  to  those  exhibited.    That  ship 
is  the  first  ^<  People's  Line''  steamer  navigating  the  European  rivers.* 

114.  JBlowingmachines  for  blast-furnaces. — The  style  of  vertical  blow- 
ing-machine used  is  peculiar  to  the  Cockerill  Company,  and  has  received 
the  nam.e  of  '^Seraing  system." 

The  first  machine  of  that  system,  with  high  pressure,  without  expan- 
sion or  condensing,  was  built  in  1853.  It  has  been  working  twenty  years 
without  requiring  any  other  than  ordinary  repairs. 

Since  that  epoch  this  style  of  engine  has  constantly  been  improved. 
The  condensing  and  expansion  in  two  Woolf-system  cylinders  has  been 
added.  The  results  obtained  have  been  such  that  the  machine  exhibited 
is  the  one  hundred  and  third  of  that  style  constructed  by  the  Cockerill 
Company,  besides  twenty-four  more  now  in  construction  in  the  Seraing 
works. 

The  number  c^ould  be  much  greater  had  the  company  been  able  to 
fulfill  all  the  orders  received. 

The  advantages  of  the  system  come  from  the  direct  action  between 
the  impelling  and  resisting  power,  from  the  great  length  of  the  strokes 
with  moderate  swiftness  of  the  pistons,  from  the  strong  expansion  ac- 
complished in  two  cylinders,  and  from  the  condensation. 

The  blowing-machines  constructed  by  the  Cockerill  Company  vary 
much  in  size.  The  machine  exhibited  is  of  the  largest  model  hitherto 
built  \  but  there  are  some  still  more  powerful  now  in  construction. 

The  wind-cylinder  of  the  machine  exhibited  is  3  meters  in  diameter, 
and  the  length  of  the  piston-stroke  is  2.44. 

In  usual  working,  the  machine  makes  12^  revolutions  per  minute,  and 

*The  foUowiDf^  report  from  M.  Delcourt,  ohiof  engineer  of  the  naval  department, 

gives  an  idea  of  the  working  of  these  engines: 

"Antwerp,  February  6,  1875. 

'*  Sir  :  You  request  me  by  yoar  letter  of  the  4th  instant  to  address  yon  a  report  on  the 
working  of  the  oscillating  engines  of  220  horse-power  of  the  mail-boats  between  Ostend 
and  Dover. 

"I  am  happy  in  being  able  to  state  that  those  engines,  some  of  which  have  been 
working  nearly  six  years,  have  highly  satisfied  us,  and  answer  pecnliarly  well  onr 
special  service. 

''As  yon  are  aware,  that  service  requires  a  perfect  regularity  and  a  speed  maintained 
in  foul  weather.  Never  having  but  a  limited  number  of  boats,  considering  the  rapid 
increase  of  onr  intercourse  with  England,  we  have  been  particularly  favored,  insomoch 
that^  except  a  few  contingencies,  the  keeping  in  repair  and  repairing  of  our  engines 
have  never  required  longer  than  the  time  allotted  for  the  usual  stoppage  of  onr  steam- 
ers, which  is  never  considerable.  To  give  yon  an  idea  of  it,  the  Leopold  steamer  has 
performed  no  fewer  than  896  passages  between  Ostend  and  Dover,  and  vice  versa,  from 
March  4, 1869,  nntil  the  1st  of  Jannary,  1873,  which  gives  a  distance  gone  over  of  about 
55,000  miles  of  1,355  meters. 

''In  short,  the  engines  of  our  mail-boats,  by  their  simplicity  and  their  excellent 
mounting,  have  required  but  very  few  repairs,  and  have  allowed  us  to  perform  an  ex- 
oeUent  nninterrupted  service,  notwithstanding  the  very  small  number  of  our  boats 
considering  the  great  quantity  of  passages  we  had  to  make. 
"  I  am,  sir,  your  obedient  servant, 

"G.  DELCOUR, 
"Chief  Engineer  of  the  Xaval  Department, 

"  To  the  Dirbctor-General." 
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with  an  effective  pressure  to  the  boilers  of  4  atmospheres,  it  gives,  per 
minate,  250  cabic  meters  of  wiad  with  a  pressure  of  20  centimeters. 

The  Oockerill  Company. bnilds  also  powerful  vertical  blowing-engines 
for  Bessemer-steel-works,  compressing  the  wind  at  IJ  effective  atmos- 
pheres. 

.  The  productions  of  the  Seraing  founderies  being  altogether  remarkable 
for  the  beauty  of  the  workmanship  and  of  the  molding,  and  the  absence 
of  defects,  a  rough  column  of  blowing-machine,  such  as  it  comes  out  of 
the  mold,  is  also  exhibited,  and  is  truly  a  fine  piece  of  casting. 

115.  Locomotive-engines  for  the  railway  company  of  Upper  Italy. — Di- 
mensions of  the  engine :  number  of  wheels,  all  moving,  6 ;  diameter  of 
wheels,  1.31  meters ;  space  between  wheels,  3.37 ;  diameter  of  cylinders, 
0.45  meter;  stroke  of  pistons,  0.G5.  Furnaces:  interior  height,  1.60 
meters;  depth;  1.265;  breadth,  1.086.  Brass  tubes:  number,  195; 
length  between  plates,  2.25  meters;  exterior  diameter, D,05  meter.  In- 
terior diameter  of  the  boiler,  1.33  meters ;  weight  of  the  empty  engine, 
30,674  kilograms ;  weight  of  the  loaded  engine,  34,376  kilograms.  Ex- 
treme dimensions:  length,  8.542  meters ;  breadth,  2.900*;  height,  4.260. 

The  locomotive-engine  is  exhibited  as  a  specimen  of  good  construction 
and  of  perfection  of  workmanship. 

The  company  has  supplied  the  railway  company  of  High-Italy  with 
forty-seven  engines  of  this  style,  and  is  now  constructing  twenty-four  for 
the  same  railways. 

Small  locomotive-engines  for  stations  and  service  of  the  icorks, — The  Cock- 
erill  Company  has  constructed  within  three  years  small  locomotive-en- 
gines with  vertical  boilers  for  the  interior  traffic  of  its  works. 

The  excellent  results  obtained,  as  well  for  the  service  as  for  economy, 
have  been  so  successful  that  sixty-three  of  these  engines  have  been  sup- 
plied to  manufacturers,  and  a  dozen  are  in  construction. 

Ten  engines  of  that  style,  besides  more  powerful  ones  previously  con- 
structed, are  employed  for  the  traffic  in  the  Seraing  Works. 

The  company  constructs  three  types  of  these  engines.  The  first  can 
draw,  horizontally,  a  load  (engine  not  included)  of  60  tons ;  the  second 
draws,  under  the  same  conditions,  90  tons ;  and  the  third,  160  tons.  The 
engine  exhibited  is  of  type  Ko.  II. 

The  dimensions  are  as  follows:  Number  of  wheels  all  coupled,  4; 
diameter  of  wheels,  0.603  meter ;  space  between  the  axle-trees,  1.400 
meters ;  diameter  of  pistons,  0.200 ;  stroke  of  pistons,  0.250 ;  total  fire- 
surface,  8  square  meters ;  contents  of  the  water- tanks,  0.675  meters ; 
contents  of  the  coal  bunkers,  0.195 ;  rough  weight,  when  used,  7,500 
kilograms ;  length,  2.220  meters ;  breadth,  2.110  meters ;  height  on  rails, 
3.150  meters. 

116.  Perforators  for  mining  or  rodcdrills.—Fvom  the  beginning  of  the 
boring  of  Mount  Cenis,  the  Cockerill  Company  participated  in  that  great 
work. 

The  first  air-compressed  engines  used  at  the  Coscia,  at  Genoa,  as  trial^ 
were  constructed  at  Seraing. 
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The  excellent  results  obtained,  the  great  prodactive  means  of  the 
company,  and  the  active  concourse  that  the  illustrious  author  of  the  bor- 
ing of  the  Alps,  Mr.  O.  Sommeiller,  met  at  Seraiug,  induced  the  Italian 
government  to  intrust  the  Gockerill  Company  with  the  construction  of 
all  the  mechanical  working-stock,  without  exception,  necessao^^for  the 
boring  of  the  great  tunnel. 

The  company  has  supplied  for  the  boring  of  the  Alps  more  than  four 
million  francs'  worth  in  engines  of  all  kinds ;  wheels,  water-wheels,  wa- 
ter-column engines,  compression-machines,  perfprators,  air  and  water 
conveyers,  &c. 

The  construction  of  air-compressed  engines  and  perforation  by  ma- 
chinery has  since  become  a  special  branch,  carried  to  a  high  degree  ot 
perfection. 

Fifty  compressing-engiues  have  been  constructed  in  its  works,  more 
than  five  hundred  perforators  have  been  sold  to  manufii^stories,  and  nu- 
merous machines  of  that  kind  are  now  in  construction.  Mechanical  drill- 
ing has  greatly  increased  of  late.  The  Gockerill  Company  uses  it  in  its 
collieries,  and  it  has  supplied  the  Belgian  and  French  collieries,  &c.,  with 
many  complete  sets,  and  is  continually  receiving  orders  for  machines  of 
that  kind. 

Appreciating  the  experience  acquired  by  the  Cockerill  Company,  and 
acknowledging  the  superiority  of  the  system,  the  St.  Gothard  Tunnel 
Company  made  an  agreement  for  the  supply  of  a  part  of  the  ompress- 
ing  and  perforating  machines  it  requires. 

Two  drilling- machines  are  exhibited. 

The  first  has  a  certain  historical  interest.  It  is  one  of  the  micbiues 
employed  by  Sommeiller  at  Mount  Cenis,  where  it  has  been  for  a  long 
while  in  use. 

The  second  is  a  simplification  and  modification,  made  from  that  of 
Mount  Cenis,  by  MM.  Dubois  and  Fran90LS,  engineers  at  Seraing.  This 
perforating-machine  is  constructed  by  the  Cockerill  Company  for  mines, 
and  has  been  chosen  for  the  baring  of  the  St.  Grothard. 

117.  Steel  and  iron  forgings. — ^The  production  of  large  forgings  (the 
crank-axles  for  locomotives,  the  crank-shafts  for  sea  and  river  steam- 
boats, the  locomotive  and  wagon  wheels,  &e.,  in  short,  the  mechanical 
forgings  of  all  sizes  and  shapes)  has  always  been  one  of  the  branches 
for  which  the  Seraing  works  have  enjoyed  merited  reputation. 

The  fabrication  of  locomotive  and  wagon-wheels  principally,  forms  a 
special  branch  of  the  large  forges  of  Seraing,  by  a  peculiar  process  for 
which  the  company  has  patents. 

As  specimens  of  its  usual  manufacture,  the  Cockerill  Company  exhib- 
its a  moving-wheel  of  1.30  meters  diameter,  weighing  783  kilograms ;  a 
wheel  of  locomotive-engine  2.20  meters  diameter  at  the  revolving  circle, 
weighing  731  kilograms;  a  locomotive- wheel,  wrought-iron  plate,  1  me- 
er  diameter,  gross  weight  520  kilograms ;  a  box  for  locomotive-engine, 
weighing  79  kilograms ;  a  head  of  locomotive-piston,  weighing  75  kilo- 
grams; a  support  for  locomotive-slide,  weighing  95  kilograms. 
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118.  Production  of  the  steel-ioorks. — ^The  C^ckerill  Company  has  long 
had  in  its  establishments  of  Seraing  a  considerable  steel- work;  vast 
buildings  for  its  enlargement  will  soon  be  finished. 

That  part  of  the  works  supplies  the  other  parts  of  the  establishment 
for  the  construction  of  machines  and  manufactures  with  special  produc- 
tions of  varied  forms. 

Bails,  tires,  machinery  of  every  kind  and  size,  gun-barrels,  guns,  and 
hoops  for  large-caliber  guns  are  manufactured  there. 

As  specimeus  of  finished  mechanical  pieces,  the  Cookerill  Company 
exhibits  the  piston-rods,  connecting-rods,  cranks,  crank-shafts,  levers, 
pivots,  &c.,  of  the  marine  engine  which  it  exhibits,  and  also,  as  special 
productions  of  nsual  workmanship,  rails,  tires,  springs,  straight  and 
crank  axles,  steel  plates ;  a  steel  hoop  with  trunnions  for  cast-iron  gun 
of  large  size,  (anSO-pouader,  diameter,  0.24  meter);  a  steel  hoop  without 
trunnion  for  the  same  gun.  These  hoops  are  destined  for  the  govern- 
ment of  the  Netherlands.  A  field-piece  ;•  an  assortment  of  gun-barrels ; 
a  collection  of  various  patterns. 

*  Summing  up  of  the  experiments  made  by  the  Belgian  government  with  a  Beasemer-eteel  gun 
of  the  John  Cockerill  Company. — The  experiments  have  been  divided  into  two  series  ; 
the  object  of  the  first  series  was  to  ascertain  the  hardness  of  the  steel,  the  second  series 
the  resistance  to  the  corrosive  action  of  the  ^ases  and  powder,  and  the  absolute  resist- 
ance of  the  steel,  (cohesiveness,  resistance  to  bursting.) 

The  gun  was  at  first  bored  caliber  4,  so  a9  to  be  able  to  take  off  the  impressions  pro- 
duced by  the  first  firing. 

Ten  shots  with  1^  kilograms  powder,  1  wadding,  with  box  for  ball,  weighing  3.3 
kilograms. 

fixe  shots  with  the  same  load  and  some  cU^bris  of  projectiles  inclosed  in  linen  bags . 

After  this  firing,  the  piece  was  brought  back  to  tlie  royal  gun-foundery  to  be  exam- 
ined and  bored  caliber  6,  (95.5  millimeters.) 

No  apparent  damage  could  be  discovered. 

Second  series. — Five  shots  with  1  kilogram  powder,  1  wadding,  1  ball ;  5  shots  with 
1|  kilograms  powder,  1  wadding,  1  ball ;  5  shots  with  1^  kilograms  powder,  2  waddings, 
2  balls;  5 shots  with  1^  kilograms  powder,  3  waddings,  3  balls ;  5  shots  with  1^  kilo- 
grams powder,  4  waddings,  4  balls;  5  shots  with  1^  kilograms  powder,  5  waddings, 

5  balls;  5  shots  with  1^  kilograms  powder,  6  waddings,  6  balls ;  5  shots  with  2  kilo- 
grams powder,  6  waddings,  6  balls;  10  shots  with  3  kilograms  powder,  5  waddings,  5 
balls. 

The  experiments  determined  by  the  war-minister  being  terminate<l,  the  gun  was 
brought  back  to  the  fonndery  to  be  examined. 

No  apparent  injury  was  ascertained  by  this  examination. 

The  officers  of  artillery  composing  the  board  asked  the  war-minister  for  his  consent 
to  continue  the  experiments.  The  firing  was  renewed  in  the  following  manner :  5  shots 
with  3  kilograms  powder,  6  waddings,  6  balls ;  5  shots  with  3.5  kilograms  powder, 

6  waddings, 6  -balls;  5  shots  with  3.5  kilograms  powder,  7  waddings,  7  balls;  5  shots 
with  4  kilograms  powder,  7  waddings,  7  balls ;  10  shots  with  4  kilograms  powder,  b 
waddings,  8  balls. 

Wit^  the  load  of  4  kilograms,  8  waddings,  and  8  balls,  the  gun  was  filled  to  the 
muzzle. 

The  gun  was  again  brought  back  to  the  foundery  and  examined.  It  was  ascertained 
that  the  bore  was  very  nearly  intact. 

The  board,  struck  by  the  extraordinary  resistance  of  that  gun,  declared  tliat  Besse- 
mer steel  was  every  way  proper  for  the  fabrication  of  field-pieces. 
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119.  Models  of  boats  and  floating  lock-gate. — ^The  ^orks  have  from  their 
beginDiog  been  engaged  in  coustructious  for  river  and  maritime  uaviga. 

tiOD. 

The  ship-yards  of  Antwerp  and  St.  Petersburg  (the  latter  discoD- 
tinned)  have  supplied  navigation,  as  previously  stated,  with  282  sea 
and  river  steamers,  which  have  generally  fulfilled,  as  to  solidity,  ele- 
gance of  form,  complete  internal  arrangements,  means  of  propulsion 
and  accommodations,  all  the  conditions  stipulated  in  the  agreements. 
The  two  iron-clad  monitors  with  turrets,  propellers,  and  machine  for 
turrets,  air-exhausters,  gun-carriages,  centrifugal  pumps  and  accesso- 
ries supplied  to  Eussia  in  1864,  had  been  ordered  on  the  18th  of  June, 
1863.  They  were  forwarded  to  be  mounted  to  St.  Petersburg  at  the 
end  of  October,  1863,  and  were  delivered  to  the  imperial  Bussiau  gov- 
ernment completely  remounted  and  armed,  after  trial,  on  June  13,  1864^ 
(in  less  than  one  year.) 

The  company  can  build  annually  fourteen  sea  and  river  steamers  of 
any  burden. 

The  models  exhibited  belong  to  some  of  its  most  remarkable  con- 
structions. 

The  company  exhibits  a  floating  lock-gate  and  some  models  of  steam- 
ers.      * 

The  floating  lock-gate  is  intended  for  the  canal  of  the  Danube  at 
Vienna.  It  is  to  prevent  the  pieces  of  ice  coming  from  the  breaking  up 
of  the  main  river  entering  the  arm  called  the  ^^  canal,"  from  collecting 
there,  and  thus  causing  the  low  parts  of  the  town  to  be  overflowed. 

The  lock-gate  is  153  J  Vienna  feet  in  length,  30  in  breadth,  and  18  feet 
in  height.  The  iron  used  for  its  construction  weighs  300  tons  of  1,000 
kilograms.  It  has  been  constructed  from  the  draughts  of  O.  de  Engerth, 
0.  E.,  an  aulic  councilor  and  member  of  the  board  for  the  improvement 
of  the  Danube. 

The  statement  which  this  board  makes  of  its  labors  gives  all  the  de- 
tails concerning  it. 

What  principally  characterizes  the  specialty  of  the  works,  work- 
shops, and  ship-building  yards  of  the  Gockerill  Company  is  the  supply 
of  all  the  working-stock  necessary  to  railways;  of  all  the  implements 
for  metallurgical  works,  such  as  blast-furnaces,  iron  and  steel  factories, 
or  for  mechanical  works,  steam-engines,  stocks  of  tools,  iA  short,  of  all 
steamers,  dredging-machines,  lighters,  machines  necessary  for  the  exe- 
cution of  a  work  such  as  that  of  the  Suez  Oaual,  or  of  engines  of  any 
kind,  with  or  without  steam,  propellers,  machines  and  working-stock  for 
the  boring  of  Mount  Genis  tunnel.  The  company  also  send  for  such 
undertakings  persons  peculiarly  suited  for  mounting,  putting  in  work- 
ing-order, or  the  supervision  of  the  various  machines  which  they  supply. 


CHAPTER    V. 


THE  IRON  AND  STEEL  INDUSTRY  OF  SWEDEN. 

The  completeness  and  extent  of  the  display  ;  General  view  of  the  production  ; 
The  Fagersta  Steel- Works;  List  of  objects  shown;  Analyses  of  the  ores 
used;  Composition  of  the  steel  of  various  grades;  Fagersta  sieel  gun-bar- 
REUS ;  Notice  of  Kirkaldy's  experiments  and  memoir  ;  Examples  of  pulling- 
stress  upon  plates  annealed  and  UN  annealed;  Bulged  plates;  Wikman- 
shytta  steel;  Condition  of  the  iron-manufacture  in  Swedsn;  Professor 
Ackkrman's  memoir;  The  distribution  of  iron-ore;  Sources  of  fuel;  Trans- 
portation; English  coke;  Water-power;  Geological  association  of  the 
ores;  Production  op  iron-ores  and  localities;  Methods  and  costs  of  min- 
ing; Bog-ore  and  limonite;  Pig-iron;  Transportation;  Bar  iron  and  steel; 
Bessemer  steel  ;  Martin's  steel,  cement  steel,  etc.  ;  Rolling-mills  ;  Statistics 
of  production ;  cliemical  composition  of  swedish  ores. 

120.  The  Swedish  iron  industry.— The  Swedish  contributioii  is 
characterized  by  the  Damber  and  excellence  of  the  specimens  of  ores,  in 
large  square  blocks,  which  form  a  very  appropriate  foundation  for  taste - 
fnlly-arranged  pyramids  of  bar  iron  and  steel.  It  is  the  best  collection 
of  magnetic  and  specular  ores  in  the  exhibition,  and  was  made,  at  the 
cost  of  the  Swedish  Iron  Association,  by  Professor  Ackerman,  author  of 
an  interesting  brochure  upon  the  production  of  iron  in  that  country. 
Bessemer  steel  and  Martin's  steel,  in  ingots  and  bars,  are  also  prominent 
objects  in  the  collection.  Here,  too,  is  found  a  very  complete  series  of 
samples  of  the  celebrated  Dannemora  steel,  and  specimens  illustrating 
each  stage  in  the  manufacture  of  steel  from  granulated  pig-iron,  pow- 
dered ore,  and  powdered  coal.  There  is  an  extensive  display  also  of 
Spiegel  iron  from  Schisshyttan,  containing  from  16  to  20  per  cent,  of 
manganese.  The  production  of  iron-ores  in  Sweden  in  the  year  1871 
reached  662,888  tons;  of  bar-iron,  187,000  tons;  of  Bessemei> steel,  8,000 
tons.  The  production  has  been  steadily  increasing,  and  will  be  much 
greater  for  the  year  1873. 

121.  Fagersta  Steel-Works.— This  well-known  establishment  was 
well  represented  by  the  materials  used  and  the  products,  as  will  be  seen 
by  the  following  list,  which  includes  the  remarkable  series  of  test-speci- 
mens shown  from  the  testing-works  of  Mr.  David  Kirkaldy : 

Bessemer  steel  from  the  Fagersta  Steel-  WorlcSj  manufactured  without  alloy 
of  ^^  Spiegeleiseii^^  or  of  other  oast  iron, — (1.)  Iron-ores,  not  roasted ;  iron- 


142 


VIENNA   INTERNATIONAL   EXHIBITION,  1873w 


ores,  roasted;  Jiuie;  pig-iron,  with  the  blast-faruace  slag  appertaioiog 
thereto.  • 

(2.)  Steel  ingot,  18  'Hum''  (21  inches)  square,  planed,-  series  of  8 
*Hum'  (9J  inch)  ingots,  fractured,  of  various  degrees  of  hardness, 
with  the  steel  slag  appertaining  thereto  j*  series  of  forged  blooms,  frac- 
tured 5  plate  blooms,  fractured. 

(3.)  Pyramid  :  Side  A,  saw-blades ;  side  B,  steel  for  machinery,  square 
and  round,  from  J  to  5  »'tum"  (/^  to  5f  inches)  in  diameter;  side  C, 
rails  for  tramways  and  angle-irons;  side  D,  steel  for  springs,  from  IJ 
to  5  ''  turn"  (If  to  5f  inches)  in  breadth. 

(4.)  For  mechanical  and  engineering  works,  heavy  axles,  crankshafts, 
other  forgings  for  machinery. 

(5.)  Railway  material :  Axles,  springs,  buffers,  (American  patent.) 

(6.)  a.  Steel  for  tools  and  implements ;  b.  Mining  implements,  (bores 
and  sledges;)  c.  Gun-barrels;  d.  Five  gun-barrels,  subjected  to  severe 
testing  experiments  at  Carl  Gustafs  Stad  Gun- Manufactory,  as  de- 
scribed in  the  annexed  statement;  e.  Gun-barrel,  proved  at  the  Husq- 
varna  Gun-Manufactory,  as  described  in  the  annexed  statement ;  /.  A 
series  showing  the  different  stages  in  the  process  of  manufacturing  gun- 
barrels;  g,  A  series  of  fractures  n^ade  on  steel  bars  of  1  "tum"(lj  in- 
ches) square,  of  various  degrees  of  hardness ;  h,  A  series  of  Bessemer 
products,  taken  at  different  periods  during  the  blow;  L  Plates  for 
heliography:  (a.)  Polished  plates ;  (b.)  Samples  of  heliographed  plates, 
together  with  impressions. 

(7.)  Steel  of  different  forms,  and  of  various  degrees  of  hardness, 
proved,  as  regards  its  strength,  at  Mr.  D.  Kirkaldy's  testing  establish- 
ment, London,  by  experiments  in  tension,  bending,  compression,  torsion, 
&c.  A  statement  of  the  results  is  contained  in  special  tables,  which  are 
distributed  on  application  to  the  secretary  of  the  Swedish  exhibition. 

122.  TJie  iron-ores  and  limestone  employed  at  the  charcoal-blast  fur- 
naces at  Westanfors  and  Fagersta  consist  of  the  following  component 
parts : 


Silica  ... 
Alumina , 
L 


Axne. 


Magnesia 

Protoxide  of  roangancge 

Protoxide  of  iron 

Senn  uioxide  of  iron 

Carbonic  acid 

Pbosphoric  acid 


Iron -ore  from  the  mines  of  - 


Ostra  Stor- 
tagten. 


27.49 
1.30 
2.16 
1.76 
0.81 
20.74 
46.14 


0.016 


100. 416 


3.10 

3.05 

1.20 

1.05 

10.40 

23.56 

52.44 

6.10 

0.009 


99.909 


6.35 
1.15 
2.65 
3.85 
5.50 
22.82 
50.78 
5.95 
0.014 


Limeatono 
from 


Granrot    '    Grundal.      Hodkarra. 


99.064 


10.82 
7.15 

36.61 
&86 
1.25 


37.18 
0.007 


99.877 


"  For  analysis,  see  Annex  No.  1. 
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6.37 

1.16 

7.53 

2.14 

1.10 

7.53 

1,27 

4. 51 

The  average  chemical  composition  formed  by  the  mixture  of  these 
iroQ-ores  with  the  limestone,  employed  as  flax,  is  as  follows : 

Per  cent.       Oxygen.      Oxygen. 

Silica 11.93 

Alumina 2. 50 

Lime 7. 51 

Magnesia 2.76  i.iu         !_l^=1.60 

Protoxide  of  manganese 5. 63 

Protoxide  of  iron 19. 76  4. 51 

Sesquioxide  of  iron 43. 89 

Carbonic  acid 6. 02 

Phosphoric  acid 0. 013 

Sach  a  charge  yields,  upon  smelting,  from  43  to^50  per  cent,  of  pig- 
iron,  which  is  tapped  direct  from  the  Mast-furnace  into  the  Bessemer 
converters, and  consists  on  the  average  of  the  following  component  parts: 

Per  cent. 

Carbon,  combined c 3, 460 

Carbon,  graphitic 1. 289 

Silicon 0. 771 

4.491 

0.027 

trace. 


Manganese 

Phosphorus ^ 

Sulphur 

The  blast-furnace  slag  contains : 

Silica 41.96 

Alumina.. 7.02 

Lime 25.04 

Magnesia 17. 75 

Protoxide  of  manganese 6. 57 

Protoxide  of  irofi 0. 23 

Alkalies not  determined. 


Oxygen. 

Oxygen. 

22.83 

3.27 

25.65 

7.16 

7.09 

1.48 

0.05 

15.78 

25.65 
15.78 


=  1.62 


98.67 


As  no  alloy  of  specular  iron  {Spiegeleisen)  or  of  ordinary  cast  iron 
is  employed,  the  "  blow"  must  be  stopped  when  the  proportion  of  carbon 
in  the  steel  is  reduced  to^the  proper  degree.  Notwithstanding  this,  the 
steel  is  entirely  free  from  red-shortness. 

The  following  analyses  show  the  chemical  compositions  of  the  various 
classes  of  steel  emploj'ed  for  the  purposes  specified: 


(a)  Steel  for  soft  plateB,  railway-axles,  &c 

(b)  Sbeel  for  eaii-barrels,  shafts,  &,c 

(c)  Soft  steel  for  tools— saws,  &c 

id)  Hard  steel  for  tooU—chisels,  turuing-tools,  &.o 


I 


1  ereerU 
0.085 
0.25 
0.70 
1.05 


i 

o 

. 

a 

a 

OS 

ico 

3 

i 

S 

Per  cent 

Per  cent 

0.008 

Trace. 

0.036 

0.234 

0.03S 

0.256 

0.067 

0.355 

a6 

S 

u 
o 

a 
o 

Pi 


Per  cent 

0.025 

0.022 

0.023 

0.028 


s 


9 


Traca 
Trace. 
Trace, 
Trace. 
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An  analysis  of  the  slag  from  the  converter,  taken  at  the  close  of  the 
process,  shows  its  composition  to  be  as  follows : 

Silica 46.70 

Alumina 4.24 

Lime 1 0.48 

Magnesia 0. 17 

Protoxide  of  manganese 32. 37 

Protoxide  of  iron 15. 63 


99.59 


''  I,  the  andersigued,  hereby  certify,  on  requisition  to  that  eSect,  that 
barrels  manufactured  at  the  Fagersta  Steel- Works  have,  for  about  the 
last  three  years,  been  exclusively  employed  for  the  small  fire-arms  con- 
structed at  the  Swedish  Government  Onn  Manufactory  for  the  supply 
of  the  army,  and  that  such  barrels  are  still  employed  for  the  fire-arms 
now  in  course  of  construction  at  the  said  manufactory. 
"  Stockholm,  the  tenth  day  of  April,  1873. 

"  C.  G.  BREITHOLTZ, 
"  Master  of  the  Ordnance^  {^^Falttygmastarey) 

'^  Since  the  commencement  of  the  year  1871,  the  Hnsqvarna  Arms 
Manufactory  has  taken  its  requisite  supply  of  gun-barrels  from  the 
Fagersta  Steel-Works,  and  found  the  said  barrels,  both  as  regards 
material  and  make,  to  be  of  excellent  quality. 

''  On  behalf  of  the  Hnsqvarna  Arms  Manufactory  Company,  (Limited,) 

"VICTOR  ANKAECRONA,  Managing  Director^ 

123.  FAaBRSTA  STEEL  auN-BABRELS. — The  following  is  the  report  of 
the  proving-experiments  upon  barrels  manufactured  at  the  Fagersta 
Steel- Works,  made  at  the  Carl  Gustaf  s  Stad's  Gun  Manufactory,  in  the 
month  of  May,  1872: 

"The  barrels  were  proved  in  theprovlng-houseof  the  manufactory  with 
gunpowder  from  the  Aker's  Gunpowder-Mills,  of  the  make  of  1865.  The 
testing-balls  employed  weighed  6  'ort,'  (7  drams  11  grains  avoirdupois,) 
and  were  0.42  <  decimal  tnm'  (^^  inch)  in  diameter. 

"  First,  three  barrels,  Nos.  1, 2,  and  3,  turned  and  bored  as  delivered 
from  the  steel- works  to  the  gun-manufactory,  were  loaded  and  discharged. 

"In  previous  experiments  with  barrels  from  the  Fagersta  Steel- Works, 
it  had  been  found  that  no  remarkable  effect  was  produced  until  1  ball 
and  a  charge  of  9  *ort'  (1  ounce  2  drams  2  scruples  7  grains)  were 
employed.  The  experiments,  therefore,  commenced — after  the  ordinary 
proof,  a  testing-ball  and  a  charge  of  4.5  <  ort,'  (5  drams  1  scruple  3 
grains) — ^with  the  above-mentioned  ball  and  a  charge  of  9  'ort,'  (1 
ounce  2  drams  2  scruples  7  grains ;)  after  which  the  number  of  balls 
was  increased  to  9,  with  the  same  charge.  The  result  was,  that  in  two 
of  the  barrels  the  power-gas  did  not  force  out  the  ballp,  but  escaped 
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through  the  toach-hole.    These  barrels  were  reloaded  and  discharged 
with  the  same  result. 

^' After  the  lead  had  been  melted  away  from  the  inside  of  these  bar- 
rels, the  experiments  were  continued  with  all  three;  the  balls,  however, 
being  placed  at  the  muzzles.  This  proof  commenced  with  1  ball  and  a 
charge  of  0.5  '  ort,'  (1  scruple  16  grains,)  and  ceased  when  the  charge 
had  been  increased  to  6  <ort'  (7  drams  11  grains)  and  the  number  of 
balls  to  5. 

^'  In  the  following  minutes  the  results  of  the  experiments  are  more  fully 
stated. 

"Subsequently,  3  finished  barrels,  Nos.  1808,  2511,  and  2635,  were 
loaded  and  discharged. 

"  Barrel  No.  1808,  after  having  been  subjected  to  theordinary  proof,  was 
discharged  with  the  usual  sharp  cartridge,  and  a  testing-ball,  placed  27 
^tum'  (31 J  inches)  from  the  chamber-end  of  the  barrel.  The  only 
result  was,  that  a  considerable  protuberance  was  produced  at  the  seat 
of  the  ball. 

"Barrel  No.  2511  (rejected  on  account  of  defective  make)  was  sub- 
jected to  a  similar  proof,  with  the  same  result. 

"  Barrel  No.  2635  burst  in  the  proof.  In  this  experiment  a  testing-ball 
was  employed,  and  the  charge  was  increased  from  1  'ort'  (I  dram  12 
grains)  to  16  '  ort,'  (2  ounces  3  drams  10  grains,)  when  the  barrel  burst, 
after  having  borne  fourteen'  times  the  charge  for  which  it  was  con- 
structed. 

"  Carl  Gustaf's  Stad,  the  25th  day  of  May,  1872. 

"  F.  G.  TREFFENBEEG, 
"  Lieuteiuint  in  the  Royal  Oota  Artillery^ 
^^  Working- Officer  at  the  Carl  Oustafh  Stad  Oun-Manufactoryy 

10  I 


146 


VIENNA   INTERNATIONAL   EXHIBITION,  187a 


Minutes  tdken^  Ma^j  1872,  at  the  proving  of  gun-harreU  (Nos.  1,  2,  and  3)  mauufaclared  at 

the  Fagersta  Sieel  Works, 


Nnmber  of 


Weight  of  the 

chargcAnSwe- 
.,-« — «.  ■   diah  "OTt,"  (I    NoTOberof 
dis charges. I   ort=l   aram  I      balls. 

12  ^  r  a  i  n  8 , 1 

avoirdupois.) 


1 
2 


4. 
9 


3 

9 

4 

9 

5 

9 

0 

9 

7 

9 

8 

9 

9 

9 

10 

9 

11 


1 

2 
3 
4 

5 
6 

7 
8 
9 

10 

U 


9 


0. 
I 
1 
1 

1 
3 
2 
3 
4 

5 

6 


1 
1 

2 
3 
4 

5 
6 

7 
8 
9 


9 


Obserrationa. 


1 
1 
2 
3 

4 

4 
5 
5 


Barrels  unaffected.      ' 

A  alight  enlargement  was  prodaced  in  all  the  barrala,  at  the 
aeat  of  the  ball. 

The  above-named  enlargement  waa  increaaed,  and  the  cali- 
ber on  each  aide  of  the  aeat  of  the  ball  waa  also  somewhat 
increased ;  in  addition  to  which,  at  the  fourth  diacharjre 
of  barrel  No.  3,  a  protuberance  waa  produced  before  the 
aeat  of  the  ball. 

The  powder-gaa  eacaped  through  the  touch-holes  of  barrels 
Nob.  1  and  2,  without  the  balla  being  removed  from  their 
aeata ;  while  in  barrel  No.  3  the  balla  were  dlacharged. 

Only  barrela  Noa.  1  and  2  were  loaded  and  diachar^d,  with 
the  aaue  reaulta  as  in  the  preceding  proof. 

With  the  ballt  at  the  muzOee  of  the  barreli. 

The  powder- gaa  eacaped  through  the  touch-hole^ 
The  Dal  Is  were  discharged ;  the  barrela  unaffected. 

Do. 
An  enlargement  was  produced  in  the  barrela  at  the  aeata  of 

the  bana. 
The  powder-gaa  escaped  from  the  touch-hole  of  barrel  No.  2. 
The  ualla  were  discharged  from  barrel  No.  2. 
The  powder-gaa  oaeaped  from  the  touch-hole  of  barrel  Na  i. 
The  powder-gaa  eacaped  from  the  touch-hole  of  bairel  No.  I. 
A  protuberance  waa  produced  in  barrel  Na  3  at  the  seat  of 

toe  ball. 
A  protuberance  was  produced  in  barrel  No.  1  at  the  aeat  of 

the  ball. 
A  protuberance  waa  produced  in  barrel  No.  2  at  the  aeat  of 

the  ball. 


Carl  Gustaf  a  Stad,  25th  May.  1872. 


F.  G.  TREFFENBERG, 
LietUefMht  in  the  Royal  Oota  ArtiUery, 
Working  Officer  at  the  Cari  Quetaft  Stad't  Ovn-Mant^fOetory. 


^'Oq  tbe  27th  of  March,  1809,  a  steel  gonbarrel  manufactured  at  the 
Fagersta  Steel- Works  was  subjected  to  testing-experiineots  at  the  Hus- 
qvana  Gua-Manufactory,  in  the  presence  of  the  undersigned,  and  during 
the  progress  of  the  experiments  the  following  observations  were  noted : 

^<  1st  proof:  A  charge  of  gunpower  1^  4od,'  (5  drams  1  scruple  16 
grains  avoirdupois,)  1  testing-ball. 

"2d  proof:  A  charge  of  gunpowder  3  'lod,'  (1  ounce  3  drams  12 
grains,)  2  testing-balls. 

"3d  proof:  A  charge  of  gunpowder  3  Mod,'  (1  ounce  3  drams  12 
grains,)  3  testing-balls. 

"The  above  three  proofs  were  discharged  without  any  remarkable 
result. 

"4th  proof:  3'lod'(l  ounce  3  drams  12  grains)  of  gunpowder,  4 
testing-balls.  Besult:  The  powder-gas  escaped  through  the  touch -hole, 
the  balls  remained  in  the  barrel,  and  had  to  be  removed  by  melting. 

"5th  proof:  4^  Mod,'  (2  ounces  2  scruples  8 -grains)  4  testing-balls. 
No  effect  on  the  barrel. 

"Gth  proof:  1 J  Mod' (5  drams  1  scruple  16  grains)  of  gunpowder. 
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One  ball  was  forced  into  a  position  of  7j  ^verktnm'  (7^  inches)  from 
the  mnzzle.  Result :  A  protuberance  in  the  form  of  an  eg^  was  pro- 
duced in  the  barrel,  at  the  seat  of  the  ball. 

"7th  proof:  3  'lod'  (1  ounce  3  drams  12  grains)  of  gnnpowder.  A 
ball  was  driven  into  a  position  of  1 '  verktum'  (1  inch)  from  the  muzzle. 
Sesult :  The  same  as  in  the  previous  proof,  viz,  the  barrel  was  enlarged 
at  the  seat  of  the  ball. 

"8th  proof:  3  Mod'  (1  ounce  3  drams  13  grains)  of  gunpowder.    The. 
ball  at  the  muzzle.    Eesult :  The  enlargement  above  described,  pro- 
duced by  the  seventh  proof,  was  extended  by  the  eighth  proof  almost 
to  the  muzzle.' 

"  Notwithstanding  the  barrel,  after  the  discharge  of  each  of  the  above 
proofs,  was  carefully  examined,  no  other  results  could  be  discovered 
than  those  above  described. 

*^  Lastly,  it  should  be  observed  that  the  balls  employed  weighed 
originally  6.65  ^ort,'  (7  drams  2  scruples  18  grains,)  bnt  after  they  had 
been  forced  into  their  positions,  and,  consequently,  part  of  their  sub- 
stance had  fallen  off,  they  only  weighed  5.50  ^ort,'  (6  dramV  1  scruple 
15  grains.) 

"  Husqvama,  dated  as  above,  and  signed  by  B.  Munck,  colonel,  re- 
tired; Emil  Ankarcrona,  managing  director  of  the  Husqvarna  Gun- 
Manufactory  ;  G.  E.  Norstrom,  lieutenant-colonel ;  A.  J.  Gustafsson,  in- 
specting armorer ;  J.  Holmberg,  gunsmith  ;  Anders  Herrlin,  inspecting 
oflftcer.'^ 

124.  Kiekaldy's  experiments  upon  FAasRSTA  STEEL.— Four 
large  glass  cases  in  the  rotunda  are  filled  with  the  specimens  of 
Fagersta  steel  in  different  forms,  just  as  they  came  from  the  test- 
ing-machines of  Mr.  David  Eirkaldy  in  London.  They  exhibit  the 
effecta  of  pulling,  shearing,  and  twisting  stress,  and  are  described  and 
illustrated  in  an  elaborate  memoir  by  Mr.  Eirkaldy,  entitled  '<  Results 
of  an  experimental  inquiry  into  the  mechanical  properties  of  steel  of 
different  degrees  of  hardness  and  under  various  conditions ;  manufac- 
tured by  Christian  Aspelin,  Esq.,  Westanfors  and  Fagersta  Works, 
Sweden."* 

This  memoir  is  elegantly  printed  and  illustrated,  and  is  not  only  im- 
portant to  engineers  and  those  using  steel  in  construction,  but  is 
extremely  interesting  to  the  physicist.  As  an  example  of  the  nature  of 
the  investigation  and  of  the  results  obtained,  diagrams  (Figs.  59  and  60) 
of  two  of  the  steel  plates  are  here  given. 

These  plates,  before  being  subjected  to  strain,  were  19  inches  wide 
at  the  reduced  part,^and  both  edges  were  accurately  parallel  for  10 
inches  of  length,  and  accordingly  equal  to  the  breadth  or  width  at  the 
reduced  part.    The  seven  holes  at  each  end  for  connecting  the  plate  to 

*  By  David  Kirkaldy.  lUustrated  by  platen  and  wood-cata.  London,  Testing  and 
Experimental  Works,  Sontbwark  street,  S.  £.  1B73.  4^.  Pp.  29,  with  tables  and 
illustrations. 
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the  massive  steel  links  of  the  testing-machine  were  carefully  and  ac- 
curately made  in  line,  and  to  fit  the  steel  pins  exactly.  In  order  to 
develop  or  make  manifest  the  change  of  form  of  the  plates  when  under 
stress,  some  of  the  plates  had  circles  and  others  diagonal  lines  drawn  on 
the  surface.  The  distortion  of  these  lines  shows  the  extent  of  the  yield- 
ing of  the  plate  in  its  different  parts. 


0      0      0      0 

GOO 


Fig.  59.— H.  1927.— Diagrams  of  steel  plates  broken  by  pulling  stress. 
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0      0      0      0 

0      0      0 


Fig.  60.— H.  1924. 


]Fig.  59,  with  the  diagonal  lining,  represents  the  annealed  plate,  (H* 
1927  of  the  series,)  and  the  plate  (Fig.  60)  upon  which  the  circles  were 
drawn  (H.  1924)  was  not  annealed.  Both  plates  were  half  an  inch  thick. 
The  resalts  are  tabulated  with  others  in  the  annexed  table. 
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125.  Deportment  of  rolled  Fagersta  steel  plates  under  pumng-stress. 
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Thete  were  several  very  interesting  examples  of  the  effects  upon  steel 
I)lates  by  pushing  them  through  apertures  of  less  than  their  own  diam- 
eter, giving  cup  or  bell  shaped  objects,  highly  sonorous,  and  suitable 
for  gong-bells.  This  lot  of  specimens  formed  Series  G  of  Kirkaldy's  me- 
moir, and  he  describes  them  as  follows : 

*'0»  the  effect  of  bulging-stress  on  rolled  steel  plates  of  various  thick- 
nesses.— The  specimens  for  the  above  test  were  disks,  twelve  inches  di- 
ameter, cut  out  in  a  lathe,  and  pressed  through  an  aperture  ten  inches 
diameter  in  my  testing-machine,  the  end  of  bulger  being  turned  to  a 
radius  of  five  inches.  The  two  wood-cuts  which  accompany  the  tabulated 
report  of  the  results  Series  G,  show  the  form  of  the  specimen  previous 
to  and  after  experiment.  Ten  pieces  were  tested  as  rolled  unannealed, 
and  ten  after  being  heated  and  annealed. 

"  The  following  table  exhibits  the  stress  required  to  force  the  speci- 
mens Qf  the  various  thicknesses  through  the  aperture : 


Thickness. 


Unannealed pounds.. 

Annealed do... 


315, 685 
198, 005 


163,735 
154,330 


104, 845 
95,605 


71,800 
59,435 


.^^397 
85,435 


<'All  the  specimens  stood  the  ordeal  without  the  slightest  sign  of  any 
crack  or  defect  in  the  manufacture.  The  clear  tone  given  out,  on  being 
struck,  by  all  the  specimens  after  being  bulged,  excepting  those  that 
buckled  owing  to  their  thinness,  proves  the  soundness  of  the  material, 
and  consequently  its  special  suitability  for  some  engineering  purposes, 
as  well  as  for  bells  and  gongs.  It  is  only  superior  ductile  materials  that 
will  stand  this  test  without  cracking  or  showing  signs  of  laminations  or 
blisters.  Circles  were  drawn  on  one  of  the  flat  disks,  H.  1904,  and  it  is 
curious  to  observe  the  change  in  their  form  according  to  their  position, 
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some  parts  being  distended,  while  the  portion  toward  the  circum- 
fersDce  is  compressed ;  the  original  circumference  of  the  specimen 
being  37.68  inches,  and  that  of  the  apertare  31.40 ;  difference,  6.28 
inches,  or  16.6  per  cent.,  which  is  the  amount  of  compression  at  the  oute 
edge  of  the  bowl.  The  material  at  the  inner  edge  is  still  more  com- 
pressed, the  amount  varying  with  the  thickness.  Thus  we  And  in  the 
five-eighth -inch  plate  the  inner  diameter  is  8.9  inches;  circumference, 
27.94;  difference,  9.74  inches,  or  25.8  per  cent.;  and  the  depth  3.44 
inches  at  the  center  of  the  bowl." 

126.  WiKMANSHYTTA  STEEL.— The  Wikmanshytta  cast  steel  is  claimed 
to  be  especially  valuable  for  mint-dies  and  for  tools,  as  attested  by  sev- 
eral certificates,  two  of  which,  from  Joach.  Ackerman,  the  chief  director 
of  the  royal  mint,  containing  interesting  details  regarding  the  temper- 
ing and  wear  of  dies,  are  translated : 

^<  Upon  application  made  to  me  to  that  effect,  I  do  hereby  certify  that 
cast  steel,  made  at  the  iron-work  Wikmanshytta,  has  been  almost  ex- 
clusively employed  for  coin-stamps  in  the  royal  mint  of  this  place  for 
upward  of  two  years,  and  was  found  quite  as  proper  to  that  purpose 
as  the  several  kinds  of  foreign  cast  steel,  both  English  and  German, 
which,  during  the  ten  preceding  years,  have  been  imported  for  the  use 
of  the  mint,  as  being  the  then  best  known  steel  for  the  same  purpose. 
In  the  last  fi\^  months  of  the  year  1864,  when  copper  coin  only,  of  three 
different  sizes,  was  manufactured,  the  stamps  or  dies  of  Wikinanshytta 
cast  steel  sustained  upon  an  average  30,048  strokes  each,  and  it  should 
here  be  observed  that  such  copper  coin  is  somewhat  harder  than  the 
Swedish  silver  coin  of  six  ounces.  As  something  extraordinary,!  beg  to 
state  that  one  pair  of  stamps —for  pieces  of  4  riksdaler— have  respectively 
sustained  the  following  number  of  strokes  by  the  mint-press,  viz,  that 
for  the  reverse  side  of  the  coin  90,000,  and  that  for  the  obverse  side 
more  than  130,000  strokes,  without  either  showing  the  slightest  sinking 
or  crack;  and  both  of  them  were  at  last  rejected  owing  merely  to  the 
fact  of  the  flatter  places  in  the  engraving  having  become  worn  and  in- 
distinct by  being  repeatedly  polished.  Of  the  eight  different  degrees  of 
hardness,  wherein  the  Wikmanshytta  cast  steel  is  assorted,  that  marked 
with  No.  1  has  been  found  to  be  the  most  proper  for  coiners'  stamps. 

"  Stockholm  the  18th  of  March,  1865.'' 

'^I,  the  undersigned,  do  hereby  certify  that  during  the  last  five  years 
no  other  cast  steel  than  that  of  Wikmanshytta,  marked  G.  E.  U.  1.,  has 
been  employed  for  coin:6tamps  in  the  royal  Swedish  mint  at  this  place, 
and  that  the  said  cast  steel,  as  to  strength  and  durability  of  the  stamp^i, 
is  found  to  be  superior  to  the  English  cast  steel  of  the  best  known 
kinds  and  marks,  whidh  were  previously  employed  at  the  mint  for  the 
same  purpose ;  and  that  it  is  quite  as  good  as  the  famous  Krupp^s  cast 
steel,  which,  especially  manufactured  for  coin-stamps,  was  employed  for 
more  than  one  year,  whereupon  it  was  again  given  up  on  account  of  its 
high  price.    In  the  course  of  a  coining,  commenced  some  days  ago,  of 
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brass  pieces  of  5  ore,  with  the  same  alloyage  as  that  of  the  imperia 
French  brass  coin,  a  pair  of  stamps  have  already  sastained  75^000 
strokes  without  showing  the  slightest  defect.  Many  years  ago  some 
large,  hardened  pieces,  belonging  to  our  coining-presses,  were  made 
of  the  same  kind  of  cast  steel  from  Wikmanshytta,  and  were  fitted  into 
the  presses,  instead  of  like  pieces  of  other  steel  which  were  worn  oat  or 
split,  and  the  same  have  proved  to  be  durable  and  are  still  perfectly 
faultless.  The  individual  actually  intrusted  with  the  process  of  tem- 
pering the  coin-stamps,  and  who  is  a  clever  and  intelligent  smith,  oper- 
ates as  follows :  The  stamps  (one  or  two  to  three  stamps  together)  are 
packed  up  into  a  hardening-box  of  iron  plate,  in  a  fine  charcoal  powder, 
and  are  surrounded  with  clay  uppermost  at  the  mouth  of  the  box,  still 
so  that  their  bottoms  or  lower  surfaces,  which  are  turned  up,  rest  free 
and  uncovered.  They  are  then  heated  by  a  coal-fire  in  a  small  draught- 
furnace,  and  when  they  have  the  proper  temperature,  which  is  ascer- 
tained by  their  color,  they  are  taken  up  and  are  refrigerated  with  pure 
water  in  a  hardening-tub,  from  the  bottom  whereof  a  feeble  dash  of 
water  rises  against  the  piece  to  be  hardened  through  the  water  standing 
in  the  tub,  to  the  height  of  about  0.75  foot.  The  stamp  is  plunged  into 
the  wat>er  only  little  by  little,  in  the  first  place  almost  nothing  but 
the  neck,  and  then  the  other  part  gradually,  but  the  bottom  itself  is 
cooled  more  slowly,  without  being  plunged  down  into  the  water.  After 
being  fully  refrigerated,  the  stamp  is  annealed  in  the  following  way ; 
that  is  to  say,  a  suitable  thick  iron  ring,  heated  to  a  slight  degree 
of  redness,  is  slowly  drawn  over  the  stamp  and  is  kept  there  until  the 
engraved  surface  has  assumed  a  yellow  straw-color,  whereupon  the  ring 
is  taken  off,  the  tempering  having  then  been  finished. 

«  Stockholm,  the  19th  November,  1867." 

This  cast  steel  is  produced  by  the  Uchatiua  method.  Granulated  pig- 
iron  is  mixed  with  charcoal  and  powdered  iron-ore  of  great  purity  and 
richness.    It  is  melted  in  graphite  crucibles. 

CONDITION  OF  THE  IROIS -MANUFACTURE  IN  SWEDEN. 

127.  The  condition  of  the  iron-manufacture  in  Sweden  at  the  begin- 
ning of  the  year  1873  is  the  subject  of  an  important  memoir  by  Prof. 
Richard  Ackerman,  assistant  in  the  Mining  Academy  at  Stockholm, 
prepared  to  accompany  and  elucidate  the  exhibition  of  Swedish  ores, 
iron,  and  steel.  The  memoir  may,  therefore,  be  considered  as  a  part  Of 
the  exhibition,  and  this,  together  with  its  general  value  to  the  industry 
of  iron,  justiQes  the  presentation  of  a  translation  in  this  place. 

128.  Aokerman'S  memoir— translation.— Although  the  Swedish 
iron-manufacture  has  been  developing  steadily,  both  as  to  the  quality 
and  as  to  the  quantity  of  the  iron  produced,  still,  it  cannot  be  denied 
that  at  present  Sweden  no  longer  holds  the  prominent  place  among 
iron-producing  countries  as  formerly.  This,  as  will  be  shown,  has  been 
brought  about  chiefly  by  natural  conditions,  which  have  hindered  the 
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iron-iudnstry ;  still,  Sweden  keeps  pace  with  many  other  coaafries  more 
densely  populated  and  richer  in  coal.  Sweden,  however,  is  jast  now  in 
a  Rtate  of  transition  to  a  new  period  of  development,  daring  which, 
it  is  reasonable  to  hope,  the  iron-manufactare  will  be  brought  to  as  high 
a  degree  as  is  possible  in  a  conntry  which  has  no  mineral  fuel  in  the 
neighborhood  of  its  deposits  of  ore. 

Far  from  the  quality  of  the  Swedish  iron  having  deteriorated,  it  has 
become,  in  consequence  of  improved  methods  of  production,  not  only 
purer  and  more  uniform  and  dense,  but  also  has  been  produced  in 
greater  quantity  than  formerly ;  for  example,  the  production  in  1870 
was  more  than  one  and  one-half  times  greater  than  in  1860.  In  compar- 
ison with  many  other  countries  it  is  still  very  small,  in  addition  to  which 
is  the  fact  that,  with  a  few  exceptions,  the  iron  destined  for  exportation 
has  hitherto  been  produced  only  in  the  form  of  pig,  bloom,  bar,  or  re- 
fined iron.  The  Swedish  iron  is  therefore  only  occasionally  brought  to 
market  in  manufactured  forms,  and  the  manufacture  of  iron- ware,  with 
the  exception  of  nails,  has  never  been  great  enough  to  supply  the  neces- 
sities of  the  conntry  itself. 

130.  Distribution  of  iron-ores  in  Sweden. — The  cause  of  Sweden's  pro- 
ducing so  little  iron  does  not  lie  in  the  lack  of  ores,  for  the  country,  on 
the  contrary,  is  rich  in  iron-ore,  although  its  profitable  occurrence  is  lim- 
ited to  certain  districts. 

The  greatest  and  most  extensive  deposit  of  ore  is  found  in  a  belt  run- 
ning from  northeast  to  southwest,  which  comprises  the  southern  part 
of  the  provinces  of  Gefleborg  and  Kopparberg,  the  northwestern  part  of 
Westmanland,  the  northern  part  of  the  province  of  Orebro,  and  the 
eastern  of  Wermland.  Including  in  this  belt  Winkarn,  in  the  province 
of  Kopparberg,  no  other  deposit  of  importance  is  met  with  to  the  north,, 
till  as  far  as  Norrbotten,  where,  indeed,  at  Oelliwara,  and  in  other  places, 
agreat  abundance  of  ore  is  found.  In  consequence,  however,  of  injurious 
compounds,  and  the  scanty  population  of  these  regions,  up  to  this  time 
the  mines  have  been  worked  to  only  a  very  slight  extent.  South  of  this 
belt  there  are  very  important  mines,  as  Dannemora,  in  the  province  of 
XJpsala,  and  several  others  in  the  provinces  of  Stockholm,  Soderman- 
land,  and  Ostergotland.  Further. still,  near  the  southern  end  of  the 
Wetter-see,  in  the  province  of  Joukoping,  occurs  a  great  deposit,  that  of 
the  Taberg.  This  province  borders  on  that  of  Kronoberg,  rich  in  bog- 
iron  ores,  which  are  also  met  with  in  several  other  provinces,  though  in 
smaller  quantity. 

Although  the  richness  in  ore  is  thus  very  considerable,  most  of  the 
mines  at  present  are  not  in  a  condition  to  yield  greater  quantities  of  ore 
annually,  this  condition  being  in  turn  dependent  upon  the  fact  that  the 
demand  for  ore  has  been  hitherto  so  limited  that  the  necessary  quantity 
could  easily  be  furnished  with  the  old  apparatus.  These  relations  are 
about  to  undergo  an  essential  alteration,  and  the  continually  increasing 
consumption  of  ore  will  surely  demonstrate  soon  the  necessity  for  a  mbre 
rational  mining-system. 
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The  first'  condition  of  sensible  mining  is  that  each  mine  shall  belong 
to  not  more  than  one  company,  while  it  now  happens  that  one  miue  is 
often  divided  into  several  parcels,  each  one  of  which  is  worked  rather 
independently,  and  withont  proper  connection  with  the  other  parts,  by 
the  different  proprietors.  Indeed,  within  the  last  few  years  many  sach 
pits  opened  on  one  mine  have  come  into  the  possession  of  one  company ; 
bat  there  is  much  to  be  done  in  this  direction  before  the  miuingsystem 
can  reach  such  a  point  as  to  gnarautee  for  the  futare  a  sure  production 
of  ore,  both  extensive  and  cheap. 

130.  The  sources  of  fuel. — In  order  to  bring  about  a  greater  pro- 
duction of  iron,  it  is  not  enough  to  possess  rich  sources  of  ore ;  the 
amount  of  fuel  necessary  for  the  smelting  and  further  working  of  the 
iron  must  also  be  present.  It  is  precisely  the  small  supply  of  this  im- 
portant element  in  iron-making  which  limits  the  iron-production  of 
Sweden,  for  mineral  coal  occurs  only  in  the  most  southerly  part  of  the 
country,  at  Schonen,  and  possibly  also  in  Southern  Halland.  The  de- 
posits of  coal  occurring  there  belong,  apparently,  to  the  Liassic,  or  per- 
haps to  the  upper  and  most  recent  part  of  the  Triassic  formation ;  which 
of  the  two  cannot  be  determined  with  certainty  from  the  petrifactions 
hitherto  found. 

It  is  not  ^impossible  in  Schonen  that  coal  may  be  present  under,  or 
perhaps  in,  the  calcareous  formation;  how  it  is  related  to  it.  is  not  yet 
fully  made  out.  At  Hoganas,  and  in  a  few  other  places  in  the  north- 
western part  of  Schonen,  coal  was  found  as  early  as  the  seventeenth 
century,  in  small  quantity  to  be  sure ;  so  in  the  earliest  times  extensive 
and  thorongh  explorations  of  the  coal-formation  of  these  regions  were 
begun.  In  the  remaining  part  of  Sweden,  unfortunately,  one  cannot 
hope  to  meet  with  coal,  since,  with  the  exception  of  the  regions  named, 
the  rocks  which  form  the  body  of  the  country  belong  partly  to  the 
Laurentian  or  primitive  formation,  and  partly  to  the  Silurian  system, 
while  the  later  deposits,  except  a  few  metamorphic  areas,  belong  exclu- 
sively to  the  latest  geological  age. 

The  iron-ores  (magnetite  and  hematite  or  specular  ore)  which  are  usu. 
ally  met  with  elsewhere  in  Sweden,  do  not  occur  in  Schonen ;  though  it 
is  by  no  means  impossible  that  in  searching  for  coal  an  argillaceous 
iron-ore*  may  be  found,  and  in  that  case,  if  the  coal  of  Schonen  should 
prove  suitable  for  the  blast-furnace,  this  province  would  enter  upon  a 
flourishing  iron-industry.  If,  on  the  other  hand,  no  important  deposit  of 
argillaceous  iron-ore  be  found,  still  the  coal  of  Schonen,  if  on  better  ac- 
quaintance it  justifies  the  hopes  now  placed  in  it,  would  be  of  essential 
value  to  the  iron-manufacture  of  Sweden,  although  the  considerable 
distance  (about  530  kilometers)  of  that  province  from  the  great  iron  ore 
belt  would  essentially  lessen  its  value. 


*An  iucousiderable  deposit  of  saoh  ore  has  been  already  discovered  at  Hugauar>, 
which  gave  by  the  crucible-assay  39.5  per  cent,  of  pig-iron  with  0.13  per  cent,  of  pboe- 
phonis. 
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In  the  fatare,  be  it  as  it  may,  Sweden  is  still  pre-emineut  iii  the  work- 
ing of  her  ores,  both  with  the  fuel  which  the  forests  and  peatbogs  afford 
and  that  imported  from  other  coantries,  for  the  refining  of  the  iron  pro- 
duced. 

131.  Transportation. — The  deposits  of  ore  are  by  no  means,  as  has  been 
shown, uniformly  distributed  overthewholecountry;  the  densely  wooded 
Norrland,  for  example,  is  wholly  lacking,  as  far  as  is  now  known,  in 
abundance  of  ore,  with  the  exception  of  the  province  of  Gefleborg,  and 
the  deposits  at  Gelli vara,  Lousavara,  and  a  few  other  places  in  the  north- 
ern part  of  the  country.  The  same  holds  good  also  in  a  greater  or  less 
degree  for  many  other  forest-regions  of  the  country. 

It  is,  moreover,  an  undeniable  truth  that  an  important  iron-industry 
cannot  come  into  existence  without  convenient  and  ready  means  of  in- 
tercourse, even  in  a  country  rich  in  coal.  This  must  be  the  case  to  a  much 
greater  degree  when  the  fuel  necessary  for  the  working  of  the  ore  must 
be  brought  from  great  distances,  as  here,  where  it  consists  entirely  of 
forest-products.  It  is  also  a  simple  thing  commonly  to  unite  large 
deposits  of  coal  with  neighboring,  or  at  least  not  very  far  distant,  depos- 
its of  ore  by  means  of  railroads;  bit  scattered  forest-regions  lying  far 
from  the  mines  are  not  so  easily  traversed  by  railways  in  order  to  bring 
the  products  of  the  former  to  those  of  the  latter,  and  this  is  especially  diffi- 
cult iq  a  thfnly-populated  country  like  Sweden.  In  this  country,  with  an 
area  of  445,000  square  kilometers,  or  8,079  square  miles,  of  which  37,380 
square  kilometers,  or  679  square  miles,  are  water,  according  to  the  census 
of  1871  there  were  only  4,204,177  inhabitants,  by  far  the  greatest  part  of 
whom  dwelt  in  the  southern  half  of  the  country.  Taking  away  the  pro- 
vince of  Gefleborg,  the  remaining  part  of  Norrlaud,  withan  area  of  243,700 
square  kilometers,  or  4,425  square  miles,  has  no  more  than  378,754  inhab- 
itants. The  southern  and  smaller  part  of  Sweden,  in  1871,  had  less  than 
.3,820,000  inhabitants,  and  it  is  not  surprising,  therefore,  that  it  was  long 
feared  that  no  railroad  would  be  profitable  here.  Experience  has  shown 
that  this  fear  was  groundless,  and  very  Important  railways  have  been 
finished  during  the  last  year. 

At  the  end  of  1871  there  were  1,885  kilometers  of  railroad  in  opera- 
tion ;  of  these,  however,  1,187  kilometers  were  main-trunk  railways,  and 
only  occasionally  touched  the  ore-districts,  but,  as  main  routes,  aimed  to 
unite  certain  important  places  as  directly  as  possible.  On  the  other 
hand,  during  the  last  year  so  many  new  railway-works  were  finished 
that  at  the  end  of  the  year  1872  about  2,100  kilometers  of  new  railroads 
were  in  process  of  building,  of  which  a  very  considerable  part  were  min- 
ing railways. 

Considering  Sweden  in  a  measure  well  piovided  with  railways,  still 
the  irpn-productiou,  as  regardsquantity,  cannot  increase  greatly  in  com- 
parison with  other  countries,  unless  a  hitherto  unknown  greater  deposit 
of  ore  be  discovered  near  the  coal  in  Schonen ;  for  only  on  this  supposi- 
tion can  the  expense  of  a  production  of  ordinary  iron  in  great  quanti 
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ties  for  the  market  of  tbe  world  be  possit^le  in  Sweden.  Without  such 
a  discovery  of  ore  in  Schonen,  Sweden  must  limit  herself  henceforth  to 
the  production  of  the  so-called  **  quality-iron."  The  impossibility  of  found- 
ing an  iron-manufacture  which  shall  be  important  in  the  present  time 
is  much  greater  for  Sweden,  since  there  the  second  growth  of  the  forest 
takes  place  much  more  slowly  than  in  various  other  countries. 

Since  the  forest- products,  by  greatly  increased  facilities  of  communi- 
cation, obtain  a  higher  value,  the  forests  will  be  better  cared  for  in  the 
future,  and  the  revenue  obtained  from  them  will  be  greater  than  now. 
In  the  more  remote  forest-districts  the  peasant  has  done  nothing  at  all 
for  the  second  growth  of  the  wood ;  but  even  under  the  supposition  of 
the  fulfillment  of  what  has  just  been  said,  it  still  remains  impossible  to 
build  up  a  great  iron-industry  with  charcoal  alone.  Each  kilometer  of 
forest  in  the  neighborhood  of  our  works,  when  it  receives  the  best  care, 
yields  annually  only  275  cubic  meters  of  hard  wood,  while  a  Square  kil- 
ometer of  forest,  as  ordinarily  cared  for  by  the  Swedish  peasant,  if  it 
has  not  been  wasted,  yields  often  not  more  than  105  cubic  meters  of 
hdrd  wood  annually,  and  from  a  solid  mass  of  wood  is  obtained,  accord- 
ing to  the  care  in  burning,  90  to  100,  often  only  60  to  70,  per  C/Cnt,  in 
volume  of  coal.  If  7.8  cubic  meters  of  charcoal  (coal-dust,  &c.,  included) 
are  reckoned  to  the  ton  of  pigiron,  and  if  in  the  future  as  good  care  la 
bestowed  upon  the  forests  in  general  as  is  now  given  to  a  few  forest- 
properties,  a  wood-area  of  2.8  hectares  will  be  required  to  supply  the 
fuel  necessary  for  the  production  of  the  quantity  of  iron  mentioned. 

132.  Use  of  English  coke. — There  is  a  possibility  of  the  amount  of 
iron  produced  increasing  considerably  by  the  use  of  English  coke  for 
the  blastfurnace,  and  then  refining  the  pigiron  thus  obtained  by  the 
Bessemer  process.  An  important  advantage  over  the  English  cannot 
be  claimed  for  such  a  Bessemer  product ;  it  would  be  equal  to  it,  how- 
ever, and  quite  good  enough  for  rails,  &c.  Such  a  production  of  pig- 
iron, based  on  English  coke,  has  been  seriously  considered  in  Sweden, 
and  could  be  accomplished  much  more  easily  than  the  project  of  export- 
ing Swedish  ore  to  England,  for  the  production  of  pig-iron.  This  is 
partly  because  the  freight  to  England  is  much  higher  than  the  return 
freight,  and  partly  because  fully  one  and  a  half  times  as  great  a  weight 
of  ore  is  necessary  for  the  production  of  pig-iron  as  of  good  coke. 

Although  the  old  iron-works,  with  the  help  of  coke  from  England,  or 
possibly  from  Schonen,  could  compete  with  the  English  Bessemer  pro- 
duct in  a  wider  range  than  formerly,  still  it  is  not  possible  to  produce  in 
this  way  an  article  equal  to  the  ordinary  English  in  price,  and  it  will 
remain  none  the  less  impossible,  therefore,  for  the  old  manufacturing 
regions  to  develop  an  iron-iyoduction  actually  great  as  regards  quantity. 
In  this  there  is  no  obstacle  to  prevent  the  amount  produced  hitherto 
increasing  considerably,  after  the  completion  of  railroads  now  building, 
and  also  others;  and  it  will  first  become  possible  through  these  railroads 
to  leave  the  beaten  way,  that  of  producing  bar-iron  almost  exclusively, 
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in  order  at  the  same  time  to  make  railroad- material,  Bheet-iron,  &c.,  in 
greater  qnantity. 

From  what  has  been  said  already,  the  important  advaoeement  of  the 
iron-prodaction  through  railways  must  be  evident;  but  the  further 
proof  of  this  matter  is  the  fact  that  the  forest-districts  lying  near  the 
larger  mines,  which  have  been  worked  for  a  long  time,  through  excess- 
ive cutting,  have  become  in  the  lapse  of  time  very  much  cut  away,  and 
the  consequence  is  that  the  charcoal  needed  for  the  smelting  Of  the  ore 
must  be  brought  from  ever-increasing  distances.  With  the  aid  of  good 
communication,  however,  the  amount  of  charcoal,  which  in  the  immedi- 
atie  neighborhood  is  beginning  to  fail,  can  not  only  be  restored,  but,  by 
moderate  cutting  of  the  forest,  far  more  coal  than  formerly  can  be  made, 
since  in  many  distant  forest-regions  the  forest,  until  lately,  has  been 
wholly  valueless,*  and  therefore  has  been  very  badly  cared  for,  so  that 
it  has  not  yielded  nearly  the  income  which  it  might  have  done  by  judi- 
cious economy.  lu  addition  to  this,  it  has  been  customary  at  distant 
saw-mills,  with  strange  wastefulness,  to  burn,  as  useless,  not  only  all  the 
sawdust,  but  also  all  other  rubbish,  like  bark,  slabs,  ends,  &c. 

It  has  been  intimated  above,  and  is  shown  more  clearly  by  the  follow- 
ing statistics,  that  the  Swedish  iron-works  have,  with  few  exceptions, 
produced  till  now  almost  exclusively  bar-iron,  or,  in  other  words,  mer- 
chant-iron. This  circumstance  may  appear  strange  to  a  foreigner  who 
is  accustomed  to  seeing  a  ready  ware,  or  at  least  partially-refined  iron, 
produced  at  the  works ;  but  the  chief  cause  of  this,  also,  is  to  be  sought 
for  in  the  insufficient  means  of  communication  of  the  mining-districts. 
Pig-iron  and  bar-iron  can  be  manufactured  with  profit  in  very  small 
quantity,  while  this  is  not  so  much  the  case  with  railroad-material, 
since  larger  and  more  costly  mills  are  necessary  for  that  work,  and  they 
must  have  a  considerable  production  in*order  to  defray  the  first  cost. 
For  this  it  is  indispensably  necessary  that  considerable  quantities  of  raw 
material  can  be  brought  to  one  point  at  a  moderate  price,  which  cannot 
be  accomplished  without  good  means  of  communication ;  in  addition  to 
which  is  the  fact  that  a  railway-connection  is  more  necessary  for  iron- 
works which  produce  ready  wares  than  for  those  which  manufacture 
only  merchant-iron',  since  the  time  of  delivery  is  not  usually  so  strongly 
limited  for  the  latter  as  for  the  finished  goods. 

133.  Water-poicer. — It  is  fortunate  for  the  iron-manufacture  of 
Sweden  that  the  country  is  rich  in  water-power,  small  streams  occurring 
in  numberless  quantity,  on  account  of  which  all  iron-works  are  located 
at  water-falls.  In  the  mining-districts  also  quantities  of  water  occur 
which  afford  thousands  of  horse-power,  and  when  these  are  connected 
by  railroads  with  the  mines  and  forest-regions  they  will  afford  the  most 
suitable  situations  for  greater  iron-works,  especially  when  great  saw- 


*  In  some  regions,  even  in  the  last  year,  charcoal  has  sold^for  1.75  francs  per  cubic 
meter,  while  at  certain  mines  it  brought  7  francs  per  cabic  meter;  and  under  the  pres- 
ent favoring  circumstances  it  costs  in  some  places  14  to  17  francs  per  cubic  meter. 


A 
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mills,  as  is  now  and  then  the  ease,  are  already  situated  ou  the  same  fall, 
for  the  iron-works  can  then  nse  the  refuse  of  the  saw-mills  without  extra 
cost  for  transportation.  Many  iron- works  intended  for  the  production 
of  railroad-material  and  sheet-iron  have  been  located  in  such  places 
within  the  last  two  years,  and  it  is  the  intention  to  have  them  completed 
at  the  same  time  with  the  railroads  leading  to  them. 

The  demand  of  the  world's  market  for  Swedish  bar-iron  is  in  fact  very 
limited,  for  it  is  much  too  good  for  most  purposes,  and  its  value  can 
therefore  be  properly  estimated  only  for  certain  uses,  as  for  making  the 
best  steel  and  a  few  manufactured  wares  like  wire,  horse-nails,  &c.  A 
cheaper  and  poorer  iron,  on  the  other  hand,  answers  for  most  purposes, 
and  as  inconsiderable  as  the  amount  of  production  of  the  Swedish  iron 
has  hitherto  been,  it  has  still  been  able  to  satisfy  all  demand's  under  or- 
dinary circumstances ;  therefore  an  increased  production  of  so  expen- 
sive a  merchant-iron  as  the  Swedish  for  many  years  would  only  bring 
about  a  lowering  of  the  price  of  iron.  If  an  essential  increase  of  the 
Swedish  iron-production  is  to  bring  an  actual  advantage,  it  is  indispen- 
sably necessary  that  new  works  for  the  production  of  other  kinds  of  iron 
than  bar-iron  be  built }  and  this  has,  as  has  been  remarked,  actually 
happened,  and  also  many  of  the  old  bar-iron  works  are  beginning  to 
change  to  the  manufacture  of  Bessemer  and  railroad-iron.  The  other 
works,  which  remain  as  formerly,  will,  in  consequence  of  this,  be  able 
to  depend  upon  so  much  the  more  certain  sale  of  their  product  in  the 
future. 

After  these  more  general  considerations  we  will  now  pass  to  a  more 
definite  statement  of  the  condition  in  which  the  Swedish  iron-manufac- 
ture is  at  present. 

134.  Geological  association  of  the  iron-ores  of  Sweden. — The  iron-ores  of 
Sweden  are  chiefly  magnetitCrand  hematite,  which  are  classed  together 
as  mine-ores,  to  distinguish  them  from  the  bog-ores  and  limonite  which 
also  occur,  but  are  worked  only  in  the  province  of  Sm&land. 

The  magnetic  ores  by  no  pieans  always  correspond  to  the  formula 
Fes  O4,  but  with  one  molecule  of  sesquioxide  can  con  tain  more  or  less  than 
one  of  protoxide.  Sometimes  more  or  less  hematite  is  intermingled,  as 
in  the  ore  from  ^^  Stora-Bispberg.''  Sometimes  the  magnetite  is  so  mixed 
with  hematite  that  it  is  hard  to  say  to  which  class  it  belongs.  In  some 
mines,  also,  these  two  kinds  of  ore  occur  in  beds  side  by  side,  as  at 
Grangesberg  and  Dalkarlsberg ;  usually,  however,  they  ar^  separate, 
so  that  the  same  mine  only  affords  one  of  the  two  ores. 

The  mine-ores,  or  the  magnetite  and  hematite,  belong  to  the  Lauren- 
tian  or  primary  formatjion,  and  never  occur  in  with  gangue  or  veinstone, 
but  as  actual  beds  or  strata,  which  have  the  same  strike  and  dip  as  the 
surrounding  rocks.  Many  deposits  of  ore  possess  no  great  extent,  but 
soon  thin  out ;  if,  however,  the  strike  of  the  rock  is  followed,  sooner  or 
later  a  new  deposit'  \\  met  with,  and  in  this  way  the  same  bed  of  ore 
can  often  be  followed  for  a  myriameter.    Other  beds  of  ore,  on  the  other 
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hand,  often  have  a  continuous  extension  in  the  direction  of  the  strike,  of 
many  hundred  meters,  with  a  varying  breadth. 

The  beds  are  sometimes  sharply  cut  ofif  and  more  or  less  displaced  by 
transverse  beds,  so-called  ''  skolar,''  of  chlorite-slate,  trap,  or  granite. 
Also,  the  thickness  of  the  bed  is  very  irregnlar,  varying  from  an  incon- 
siderable thickness  to  30  or  40  meters.  It  is  also  very  common  to  find 
the  bed  accompanied  by  several  parallel  strata  of  ore,  which  are  sepa- 
rated by  more  or  less  barren  rock.  . 

The  main  mass  of  the  solid  rock  of  Sweden  consists  of  granite  and 
gneiss;  considerable  quantities  of  mica-slate  are  met  with,  and,  in  addi- 
tion, hornblende-slate,  ^^ helleflinta^^  diofitej  and  granular  limestone  very 
often  occur. 

The  iron-ores  lie  sometimes  immediately  in  gneiss,  as  at  Grangesberg, 
in  the  province  of  Kopparberg,  and  Norberg,  in  Westmanland;  the 
gneiss  itself  is  so  poor  in  feldspar  that  it  has  been  taken  by  some  for  mica- 
slate.  When  the  ore  lies  in  gneiss,  the  transition  ft>om  barren  rock  to  that 
containing  ore  is  often  very  indistinct,  and  the  ore  then  consists  of  a  gneiss 
whose  other  constituents  besides  quartz  are  made  up  more  or  less  of 
iron-ore.  This  is  often  the  case  with  blood-stone,  which  consists  usually 
of  alternate  layers  of  tolerably  pure  hematite  and  gneiss  rich  in  quartz, 
and  having  iron-ore  intersprinkled  in  it.  These  occur  alternately,  and 
the  whole  then  consists  of  often  many  hundred  parallel  streaks  of  ore? 
between  which  stripes  of  quartz  or  gneiss  lie.  The  smaller  the  latter 
are  in  proportion  to  the  former,  the  richer  the  ore  is. 

Often  these  ore-deposits  do  not  lie  immediately  in  gneiss,  but  are  sur- 
rounded by  other  rocks  which  themselves  lie  in  gneiss.  The  envelope 
of  the  most  considerable  ore-beds  consists  of  helleflintaj  as  at  Dannc- 
mora,  in  the  province  of  XJpsala,  or  of  a  helleflintOrlike  gneiss,  "  eurite," 
as  at  Persberg,  in  Wermland.  The  ores  are  sometimes  surrounded  by 
mica-slate,  as  at  Dalkarlsberg,  in  Orebro,  and  finally  they  are  occasion- 
ally imbedded  in  granular  limestone,  a^  at  Klackberge  in  Norbergs,  in 
Westmanland,  and  at  Lingvik,  in  the  province  of  Kopparberg.  For 
the  rest,  the  occurrence  of  lime  in  the  ore-beds  is  very  irregular.  Finally, 
it  is  to  be  remarked  that  the  ore-beds  are  often  limited  by  peculiar  min- 
eral masses,  so-called  <'skoIar,"in  the  hanging  wall  and  in  the  foot- 
wall,  which  consist  usually  of  chlorite  and  talc. 

The  dip  of  the  Swedish  ore-beds,  like  that  of  the  surrounding  rock,  is, 
in  consequence  of  the  many  flexures  of  the  strata,  very  various;  usu- 
ally, however,  it  approaches  more  nearly  the  vertical  than  the  horizontal 
plane.  In  addition  to  this  side-dip,  the  ore-beds  have  very  often  a  dip 
in  the  direction  of  the  strike.  As  in  the  direction  of  the  strike,  so  also 
sometimes  downward,  the  beds  thin  out,  but  if  the  dip  is  followed  down, 
a  new  mass  of  ore  is  usually  met  with  soouer  or  later. - 

The  blood-stone  sometimes  contains  almost  no  other  strata  than 
quartz.  Commonly,  however,  it  is  more  or  less  mixed  with  other  min- 
erals, as  pyroxene,  hornblende,  chlorite,  epidote,  garnet,  and  calx-spar. 
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This  is  Still  more  the  case  with  the  magnetic  ores,  which  are  asaally 
less  acid,  ^'drj,"  or  rich  in  silica  than  hematite.  Among  the  last  named 
there  are  many  which  mnst  be  mixed  with  30  per  cent,  or  more  of  lime- 
stone in  order  to  produce  a  bisilicate  slag  in  the  blast-fornace,  to  accom- 
plish which,  the  magnetic  ores  seldom  require  more  than  10  to  20  per 
cent  Often  they  need  only  a  very  small  addition  of  limestone ;  and 
there  are  many  ores  which  are  self-flaxing,  that  is,  they  are  associated  with 
the  above-named  and  other  minerals  in  such  proportions  that  they  need 
no  mixing  with  other  ore,  or  with  flax,  for  the  blast-fnrnace.  To  these, 
among  others,  belong  the  Dannemora  ore.  Some  ores  are,  finally,  rich 
in  lime,  and  are  therefore  mixed  with  the  qnartz-bearing  "  dry  "  ores ; 
on  account  of  which  they  are  called  "  Gattirnngssteine.*'  These  lime- 
bearing  ores  are,  with  few  exceptions,  magnetic,  and  often  very  manga- 
niferous,  like  the  ore  from  likngvik,  which  contains  about  8  per  cent 
protoxide  of  manganese,  and  the  magnetite  from  Klackberge,  in  2^or- 
berg,  of  which  the  Granrot  ore  contains  7  to  10  per  cent.  Mn  O. 

The  iron  richest  in  manganese,  among  those  hitherto  worked  in 
Sweden,  is  the  magnetic  ore  of  the  neighboring  Svartberg,  used  at 
Schisshyttan,  in  the  province  of  Kopparberg,  for  the  production  of  Spie- 
gel iroa.  This  ore  contains  13  to  20  per  cent  of  protoxide  of  manganese, 
which  is  caused  by  the  bed  consisting  for  the  most  part  of  knebelite.* 
Among  the  very  manganiferous  iron-ores  belongs  the  magnetite  of  the 
Penning-Gmbe,  in  the  province  of  Gefleborg,  containing  12  to  14  per 
cent  Mn  O,  and,  likewise,  an  ore  lately  discovered  in  the  Southern  Hag. 
Grube,  in  Xorberg,  with  over  30  per  cent  Mn  O. 

The  amount  of  iron  in  the  Swedish  ores  varies  between  30  and  70  i>er 
cent ;  it  is,  however,  usually  about  45  or  50  per  cent.  Since  lime-beariog 
ores  are  rarer  than  those  with  quartz,  sometimes  ores  occurring  in  lime- 
stone, and  having  onl^*  20  per  cent,  or  less  of  iron,  are  worked ;  they  are, 
however,  always  mixed  with  richer  ores  containing  quartz  befo^e  smelt- 
ing. 

Occasionally  the  ores  are  so  rich  in  talc  that  not  onl^^  limestone  must 
be  added  before  smelting,  but  also  silica.  Quartz  alone  is  seldom  use<l 
for  this  puri>ose,  but  ores  containing  quartz  are  added,  of  which  there 
is  seldom  any  lack. 

The  "  mine-ores  ^  contain  usually  very  little  phosphorus,  and  among 
those  most  free  from  phosphorus  are  the  ores  from  Dannemora,  in  Upsala- 
with  0.003  per  cent  of  phosphorus,  and  from  Persberg,  in  Wermland, 
with  0.00:1  to  0.005  per  cent,  phosphorus.  LTsually  the  amount  of  phos- 
phorus varies  between  0.005  and  0.05  per  cent. ;  although  there  are  some 
with  a  tenth  of  1  per  cent.,  as  is  the  case  with  some  of  the  richest  iron- 
ores  in  the  parish  of  Grangardes  and  the  neighborhood,  and  also  with 
some  of  the  peculiarly  rich  iron-ores  high  up  in  Norrbotten,  as  the 
Kemnawara  and  GelUwara  ores.    In  some  of  these  ores  as  much  as  1.5 

*  Koebelite,  a  silicate  of  i:oii  and  nian^nese.  contaiDiog  about  35  per  cent,  of  oxide 
of  manganese. — W.  P.  B. 
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per  cent,  of  phospboras  is  foand.  Ores  which  contain  more  than  0.15 
per  cent,  of  phosphorus  have  been  heretofore  only  occasionally  worked, 
and  then  only  when  mixed  with  those  free  from  phosphorus.  In  most 
cases  the  phosphorus  seems  to  come  from  intermixed  apatite,  and  with 
reference  to  some  of  the  Grangesberg  ores,  rich  in  this  mineral,  it  has 
been  proposed  to  treat  them  in  the  wet  way,  in  order  to  change  the 
apatite  into  superphosphate. 

The  ores  most  free  from  phosphorus  are  usually  employed  for  the  pro- 
duction of  iron  for  steel-manufacture,  and,  since  the  most  of  the  Swed- 
ish iron  nsed  in  England  is  destined  to  serve  as  material  for  steel-man- 
ufacture, its  value  has  hitherto  depended  mainly  on  the  absence  of  phos- 
pboras. As  the  Swedish  iron  has  become  more  uniform  and  dense  since 
the  introduction  of  the  Lancashire  method,  it  has  obtained  a  more  ex- 
tended use  for  the  finer  kinds  of  manufacture,  and  the  iron  produced 
with  the  greatest  carefulness  has  latterly  brought  almost  as  high  a  price 
as  the  better  kinds  of  cement-iron.  The  value  of  the  iron  intended  for 
manafacturing  purposes  is  not  nearly  so  dependent  on  the  absence  of 
phosphorus  as  is  the  case  with  cement  iron,  but  if  there  is  only  a  few 
hundredths,  or,  at  most,  only  O.IO  per  cent,  of  phosphorus,  then  only 
the  compactness  add  uniformity  of  the  iron  are  considered,  which  prop- 
erties are  of  most  value  for  manufacturing  purposes,  and  for  this  reason 
ores  which  contain  only  a  few  hundredths  of  a  per  cent,  of  phosphorus 
are  most  advantageously  nsed  for  the  production  of  this  kind  of  iron. 

Besides  the  ores  most  free  from  phosphorus,  the  manganiferous  ores 
are  advantageously  employed  for  the  production  of  cement-iron,  and  it 
is  the  main  point  to  choose  the  most  suitable  ores  for  steel-production, 
while  less  care  can  be  nsed  in  the  refining  process  since  compactness 
and  uniformity  are  less  necessary  properties  of  the  cement-iron.  The 
contrary  is  the  case  in  the  production  of  manufacturing  iron,  since  here 
these  properties  play  the  most  important  part,  and  the  perfection  of  the 
same  is  dependent  on  the  care  which  is  employed  in  the  refining;  still 
if  can  by  no  means  be  said  that  an  ore  having  still  less  phosphorus 
would  not  be  of  value  for  certain  manufacturing  purposes,  and,  in  fact, 
ores  much  more  nearly  free  from  phosphorus  are  used  in  Sweden  for  the 
production  of  merchant-iron. 

The  mine-ores  are  almost  always  intermixed  with  more  or  less  pyrite, 
and  sometimes  with  other  metallic  sulphides,  yet  in  most  cases  any  con- 
siderable amount  of  sulphur  in  the  ore  can  be  removed  by  careful 
roasting.  For  this  purpose  shaft-furnaces,  heated  by  the  gas  from  the 
blast-furnace,  are  almost  exclusively  employed,  and  among  the  best  of 
these  are  those  constructed  by  E.  Westman,  in  which  so  high  a  tempera- 
ture may  be  obtained  that  the  most  difficultly  fusible  ores  sinter  to- 
gether. These  roasting-fnrnaces^  which  are  shown  in  drawings  and 
described  in  ^^  Ausjukrliohes  Sandbuch  der  UisenhiittenJeunde  van  J.  Percy, 
bearheitet  con  H.  Wedding,  2  Abtheilung,  p.  485,''  have,  on.  account  of 
their  great  superiority,  supplanted  the  old  gas-roasting  furnaces,  and 
now  many  ores  which  were  before  wholly  useless  can  be  employed. 
Ill 
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Some  iron-ores  contain  much  titaniam ;  yet  the  titaniam  is  usaally 
con8idei:ed  an  an  welcome  constitaent  of  the  ore,  since  it  makes  it  so 
difficult  of  redaction,  and  the  consnmption  of  fnel  in  smelting  titan- 
i£droas  ores  is  so  great.  Among  these  ores  the  magnetite  from  Taberg, 
in  the  province  Jonkoping,  deserves  special  mention,  since  it  is  different 
from  the  other  Swedish  ores  in  many  respects.  Ic  is  not,  like  most 
other  iron-ores,  collected  together  by  itself,  bat  the  grains  of  ore  occar 
so  finely  intersprinkled  in  a  dark  serpentine  that  it  is  impossible  to  sep- 
arate them  from  it  This  ore  forms  a  whole  monntain  of  120  meters 
height  and  about  2,600  meters  length,  yet  the  amount  of  iron  is  not 
greater  than  about  30  per  cent.  Besides,  this  ore  contains  fully  6  per 
cent  of  titanic  acid  and  some  vanadium,  which  was  first  discovered  by 
Sefstrom  in  iron  which  was  made  directly  from  this  ore. 

More  accurate  information  in  regard  to  the  composition  of  many 
Swedish  iron-ores  may  be  obtained  from  the  tables  of  analyses : 

135.  Prodnctum  of  iranrore. — In  the  year  1871  the  yield  of  mine-ores 
was  647,119,000^kilograms,  as  follows : 
In  the  province  of  Norrbotten,  (Qelliwara,)  21,265  kilograms. 
In  the  province  of  Wester-Norrland,  (Ulfo,)  928,855  kilograms. 
In  the  province  of  Jemtlajid,  15,736  kilograms. 
In  the  province  of  Gefleborg,  22,444,697  kilograms, 

viz,  13,235,200  kilograms  from  Nyang,  in  the  parish  Thors&ker. 

989,600  kilograms  from  the  Erik-Ers-Grube,  in  the  parish 
Thors&ker. 
1,980,700  kilograms  from  Penning  Ornbe,  in  the  parish  Thor- 

s&ker. 
1,177,700  kilograms  from  the  SjShag-Orube,  in  the  parish 

Arsunda. 
1,745,400  kilograms  from  the  Bodang-Grube,  in  the  parish 
Ostra  Feruebo. 
In  the  province  of  Upsala,  33,132,273  kilograms, 

viz,  21,405,500  kilograms  from  Danuemora,  in  the  parishes  Films 

and  Dannemora. 
1,003,700  kilograms  from  Bagnhild,  in  the  parishes  Films  and 

Dannemora. 
1,173,300  kilograms  from  Stenring,  in  the  parish  Morkarla. 
3,991,200  kilograms  from  Bamhall,  ( Hammarin,)  in  the  parish 

Alnnda. 
3,143,800  kilograms  from  Sahlsta,  in  the  parish  Lena. 
1,798,000  kilograms  from  Brunua,  in  the  parish  Lena. 
In  the  province  of  Stockholm,  29,367,688  kilograms, 

viz,  3,474,700  kilograms  from  Vigelsbo,  in  the  parish  Vahlo. 

2,934,600  kilograms  from  the  Sandgrube,  in  the  parish  Borstil- 
5,146,100  kilograms  from  Skedika  and  Grind,  in  the  parish  Bor- 

stil. 
1,385,600  kilograms  from  Bjorsta,  in  the  parish  Harg. 
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2,807,000  kilograms  from  the  Slotts^rabe,  in  the  parish  Soderby. 

Carl. 
4,995,700  kilograms  from  HerraDg,  in  the  parish  H3>fvero. 
7,842,200  kilograms  from  Uto,  m  the  parish  Osterhannioge. 
In  the  province  Kopparberg,  178,046,656  kilograms, 

viz,  1,020,200  kilograms  from  the  DvarnbacksGraben,  in  the  parish 

Leksand. 
21,142,200  kilograms  from  Vinkam,  in  the  parish  Svardsjo. 
1,053,400  kilograms  from  the  Sjo-Grube,  in  the  parish  Svardsjd. 
1,839,700  kilograms  from  Skinnarang,  in  the  parish  Yika. 

859,100  kilograms  from  Harmsarf,  in  the  parish  Kopparberg 
3,100,400  kilograms  from  Hastberg,  in  the  parish  Stora  Tana. 
9,055,200  kilograms  from  Bomme^  in  the  parish  Stora  Tana. 
2,674,400  kilograms  from  Br&fall,  in  the  parish  Stora  Tana. 
12,870,800  kilograms  from  Stora-Bispberg,  in  the  parish  Sater. 
1,080,400  kilograms  from  Yestra-Bispberg,  in  the  parish  Sater. 
1,531,600  kilograms  from  the  Tagt-Grnbe,  in  the  parish  S&ter. 
3,469,400  kilograms  from  KnappkSrn,  in  the  parish  Hedemora. 
1,359,900  kilograms  from  the  Oster-Grabe,  in  the  parish  Gastaf. 
12,554,500  kilograms  from  Bellingsberg,  in  the  parish  Hasby. 
2,505,900  kilograms  from  Ballshy  ttan,  in  the  parish  Garpenberg- 
1,324,400  kilograms  from  L&ngvik,  in  the  parish  Garpenberg. 
2,683,000  kilograms  from  SvartQall,  in  the  parish  Garpenberg. 
24,859,200  kilograms  from  Ormberg,  in  the  parish  Grangarde. 
5,086,600  kilograms  from  Grangesberg,  in  the  parish  Grangarde. 
4,629,000  kilograms  from  Bisberg,  in  the  parish  Grangarde. 
1,605,100  kilograms  from  Fabobacken,  in  the  parish  GrangUrde. 
7,820,600  kilograms  from  Fiunas,  in  the  parish  Lndvika. 
2,129,200  kilograms  from  Fredmundberg,  in  the  parish  Ludvika. 
7,598,000  kilograms  from  Grasberg,  in  the  parish  Ludvika. 
9,318,500  kilograms  from  H&ksberg,  in  the  parish  Ladvika. 
4,338,100  kilograms  from  Ostanberg,  in  the  parish  Norrb^rke. 
7,360,400  kilograms  from  Nyberg,  in  the  parish  Norrbarke. 
3,282,300  kilograms  from  Gesberg,  in  the  parish  Norrbiirke. 
4,999,600  kilograms  from  Svartberg,MarnaS|in  the  parishNorr  - 

barke. 
7,481,900  kilograms  from  the  Svartberg,  SvartGrabe,  in  the 
parish  Norrbarke. 
884,800  kilograms  from  Siksjoberg,  in  the  parish  Norrbarke. 
1,275,900  kilograms  from  the  Slat-Grabe,  in  the  parish  Norr- 

barke. 
2,344,500  kilograms  from  Hilling,  in  the  parish  Norrbarke. 
In  the  province  of  Westmanland,  92,225,667  kilograms, 

viz,  27,716,600  kilograms  from  Bisberg,  in  the  parish  Norberg. 
16,112,500  kilograms  from  Morberg,  in  the  parish  Norberg. 
20,138,500  kilograms  from  Elackberg,  in  the  parish  Norberg. 
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6,044,000  kilograms  from  Uddevalla,  ia  the  parish  Norberg. 
1,457,800  kilograms  from  the  Badstuga-Orabe,  in  the  parish 

Norberg. 
048,400  kilograms  from  the  Korr-Grabe,  in  the  parish  ^or- 
berg. 
4,191,300  kilograms  from  the  Ny-Grube,  in  the  parish  Norberg. 
2,750,800  kilograms  from  the  Finn-Grabe,  in  the  parish  Skinn- 

skatteberg. 
3,585,300  kilograms  from  Bastnas,  in  the  parish  Skinnskatte- 

berg. 
1,003,500  kilograms  from  the  Ealle-Grnbe,  in  the  parish  Skinn- 

skatteberg. 
2,216,700  kilograms  from  the  Backe-Grube,  in  the  parish  Skinn- 

skatteberg. 
3,431,500  kilograms  from  Lagudal  and  Springan,  in  the  parish 

Sala. 
1,264,400  kilograms  from  Aby,  in  the  parish  Sala. 
In  the  province  of  Oubro,  135,690,051  kilograms, 

viz,  4,014,000  kilograms  from  Lomberg,  in  the  parish  Nya  Koppar- 

berg. 
7,431,900  kilograms  from  Svartvik,  in  the  parish  Nya  Koppar- 
berg. 
995,200  kilograms  from  the   Limbergs,  Moss-Grabe^,  in    the 
parish  Nya  Kopparberg. 
7,065^900  kilograms  from  Strossa,  in  the  parish  Bamsberg. 
2,479,700  kilograms  from  Blanka  and  the  Karr-Gube,  in  the 

parish  Bamsberg. 
14,290,100  kilograms  from  Stripa,  in  the  parish  Linde. 
2,505,400  kilograms  from  Gronvold,  in  the  parish  Linde. 
2,598,400  kilograms  from  Bredsjo,  in  the  parish  Hjalsjo. 
2,114,300  kilograms  from  Annenas  in  the  parish  Hjnlsjo. 
1,410,500  kilograms  from  the  Stora  Bjornhojde-Grul>e,  in  the 

parish  Hjalsjo. 
3,408,400  kilograms  from  Hogborn,  in  the  parish  Grythytte. 
14,057,400  kilograms  from  Dalkarlsberg,  in  the  parish  Nora. 
3,522,300  kilograms  from  Vikers,  in  the  parish  Nora. 
8,467,700  kilograms  from  Pershyttan,  in  the  parish  Nora. 
27,676,000  kilograms  from  Striberg,  in  the  parish  Nora. 
6,592,100  kilograms  from  Byngshyttan,  in  the  parish  Nora. 
8,141,100  kilograms  I  from  Klacka,  in  the  parish  Nora. 
'  2,792,500  kilograms  fr9m  Fogdehyttan,  in  the  parish  Nora. 

2,576,900  kilograms  from  Hvilare,  in  the  parish  Nora. 
2,926,100  kilograms  from  Slotterberg,  in  the  parish  JernboS^. 
3,423,700  kilograms  from  Finnshyttan,  in  the  parish  Jembo&s. 
In  the  province  Wermland,  121,252,392  kilograms, 

viz,  13,487,100  kilograms  from  Nordmark,  in  the  parish  Nordmark. 
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11,560,100  kilograms  fi*oni  Taberg,  in  the  parisii  Nordmark. 
5,382,200  kilograms  from  Finnmossan,  in  tbe  parish  Nordmark. 
8,327,800  kilograms  from  the  Eog-Grube,  in  the  parish  Fermbo. 
52,972,000  kilograms  from  Persberg    and  Yngshy  ttan,  in    the 

parish  Fermbo. 
5,886,200  kilograms  from  L&agban,  iu  the  parish  Fermbo. 
3,330,300  kilograms  from  Kroppa,  in  the  parish  Kroppa. 
In  the  province  Sodermanland,  19,231,386  kilograms, 

viz,  4,529,400  kilograms  from  Hogsjo  and  Staf,  in  the  parish  Floda. 
3,412,600  kilograms  from  Sofia,  Wilhelmina,  and  Mosstorp,  in 

the  parish  Skoldinge. 
2,564,700  kilograms  from  Kantorp,  in  the  parish  Skoldinge. 
1,275,900  kilograms  from  Porth&l,  in  the  parish  G&singe. 
3,621,900  kilograms  from  Forola,  in  the  parish  Svartuua. 
1,833,000  kilograms  from  Oilliuge,  iu  the  parish  Svartuna. 
In  the  province  Ostgothland,  (^atorp,  in  the  parish  Skallsvik,)  4,450,169 

kilograms. 
In  the  province  Calmar,  382,770- kilograms. 

In  the  province  Jonkoping,  9,910,128  kilograms,  of  which  9,457,300  kilo- 
grams were  from  Taberg,  in  the  parish  M&usarp. 
In  the  province  Kronsberg,  19,266  kilograms. 

In  the  iron-mines,  there  were  employed  in  the  year  1871  4,191  steady 
.workmen,  436  periodical  workmen,  312  women  and  children — total, 
4,939  persons. 

136.  Methods  and  costs  of  mining. — The  miners  work  .by  contract, 
and  in  a  few  places  are  paid  according  to  the  amount  of  ore  obtained, 
bat  usually  according  to  the  length  of  drift  excavated.  Sometimes 
these  two  methods  are  combined  iu  such  a  way  that  the  owners  of  the 
mine  pay  according  to  the  amount  of  ore  obtained,  and  the  money  is 
divided  among  the  workmen  according  to  the  length  of  each  drift. 
Usually  the  miners  earn  from  2  to  4  francs  a  day ;  sometimes,  under 
favorable  circumstances,  still  more.  Usually  it  is  very  difficult  to  fix 
the  income  of  the  miners  accurately,  for  most  of  them  enjoy  certain 
advantages  in  addition  to  their  mere  wages,  like  free  lodgings  and  firing, 
land  for  potatoes,  fodder  for  a  cow,  &c. ;  only  the  workmen  which  at 
present  have  about  4  francs  are  without  these  advantages. 

Usually  the  same  workman  manages  the  drill  as  well  as  the  hammer^ 
only  in  a  few  places  does  he  make  use  of  a  special  striker.  The  drifts 
are  usually  only  24  millimeters  wide,  and  cost  for  drilling  downward  1 
to  2.5  francs  per  meter,  according  as  the  workman,  in  addition  to  his 
mere  wages,  enjoys  other  advantages  or  not;  for  drilling  upward — "dry- 
boring  " — it  costs  twice  as  much.  Drill  and  hammer  are  now  always  steel. 
For  blasting,  either  gunpowder,  dynamite,  or  '^  ammonia-gunpowder," 
which  latter  consists  of  a  mixture  of  about  20  per  cent,  nitroglycerine 
with  nitrate  or  picrate  of  ammonia  and  charcoal-powder,  is  used.  Pur- 
nitro-glycerine  has  been  used,  and  at  some  mines  is  considered  the  best 
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blasting  agent;  the  many  accidents,  bowever,  which  the  latter  has 
occasioned  have  had  such  ati  influence  on  its  ase  that  it  is  almost  pro- 
hibited. 

The  amount  of  work  done  by  each  miner  is  naturally  very  varions, 
since  it  depends  partly  on  the  degree  of  hardness  of  the  ore,  or  more 
properly  the  bed,  partly  on  the  kind  of  work  and  wages,  and,  finally,  on 
the  blasting  agents  used,  which  must  be  determined  by  the  character  of 
the  mine.'  The  following  numbers  may  be  taken  as  the  average: 
Usually  1.5  to  2  meters,  sometimes  3  meters,  are  excavated,  per  day  and 
man ;  in  drilling  upward,  however,  only  about  1  meter,  and  0.5  to  1.6 
cubic  meters,  or  about  1 ,300  to  3,800  kilograms  of  loose  ore  are  obtained. 
Per  kilogram  of  dynamite  and  ammonia-powder,  10  to  16  tons  of  loose 
ore  are  obtained,  and  per  kilogram  of  gunpowder,  5  to  6  tons.  The  cost 
for  the  ore  brought  up  and  separated  amounts  to  from  2.9  to  16  francs 
per  ton. 

Concerning  the  method  of  mining,  that  of  mining  by  levels  is  most 
common.  A  shaft  is  sunk  through  the  loose  layers  of  earth  possibly 
present,  and  deep  enough  into  the  ore-bed  that  the  part  of  it  passed 
through  will  form  a  scfe  roof,  if  side-galleries  are  to  be  established. 
The  main  shaft  is  continued  downward,  if  the  ore  is  to  be  taken  out  by 
levels,  (Stro^senhaus,)  leaving,  however,  the  necessary  supports  or  piers 
to  retain  the  walls  of  the  mine. 

The  space  excavated  is  usually  left  open  and  empty ;  but  in  a  few 
mines,  whose  walls  cannot  be  held  by  supports  or  piers,  but  must  be 
strongly  timbered  on  account  of  cracks  and  brittle  places,  they  have 
begun  to  fill  up  the  space  with  dead-rock,  and  then  take  out  the  ore 
from  the  top  of  the  level,  {FirsteTibau.) 

The  last-named  method  is  unnecessary  in  most  of  the  Swedish  mines 
on  account  of  the  solidity  and  strength  of  the  rock,  but  it  will  probably 
come  into  use  in  the  future  more  than  at  present,  since  many  mines 
bave  become  unsafe  through  lapse  of  time.  A  circumstance  that  con- 
siderably hinders  the  use  of  this  method  in  Sweden  lies  in  the  fact  that 
the  amount  of  dead-rock  necessary  for  filling  up  is  almost  never  found 
in  the  mine,  since  about  half  of  the  whole  mass  of  rock  taken  out  is 
requisite. 

When  the  ore  is  raised  from  the  mine  vertically,  either  wooden  buckets 
bound  with  iron,  or  those  made  of  Bessemer  steel,  are  employed,  which 
bold  0.165  cubic  meter,  or  about  425  kilograms,  of  ore,  and  which  are 
provided  with  wire-ropes  for  hoisting.  When  the  ore  is  brought  out  at 
an  angle,  on  the  other  hand,  usually  tramways  or  railways  with  little 
cars  are  used,  which  likewise  are  attached  to  wire-ropes.  The  water  is 
raised  by  means  of  suction  and  lifting  pumps,  arranged  under  each 
other,  each  of  which  is  nine  meters  long;  in  deeper  mines,  however, 
the  more  suitable  force-pumps  are  found  in  use,  with  a  forcing-power  of 
about  180  meters.  The  greatest  vertical  depth  of  any  of  the  Swedish 
iron-mines  at  present  is  230  meters. 


IBON-MANUFACTURE   IN   SWEDEN.  167 

In  the  smaller  mines  one  engine  sometimes  raises  both  the  ore  and 
the  watery  commonly,  however,  different  motors  are  used  for  these  pur- 
poses. Since  Sweden,  as  has  been  remarked,  aboanda  in  rivers,  at  most 
of  the  mines  water-power  occnrs,  and  in  order  to  transmit  the  power 
from  the  water-fall  to  the  mine,  sometimes  wooden  shafts,  sometimes 
ropes,  are  nsed.  Sach  shafts,  which  sometimes  have  a  length  of  nearly 
SyOOO  meters,  are  very  common  for  the  transmission  of  power  to  the 
pnmps,  bnt  are  seldom  used  for  raising  the  ore ;  when  the  distance  to 
the  nearest  water-fall  is  too  great  for  the  employment  of  ropes,  for  the 
latter  purpose  steam-power  is  used.  Also  for  pumping  water  the  latter 
power  must  sometimes  be  employedi  and  there  were  in  the  year  1871, 
among  all  the  mines  of  Sweden,  fifty-six  steam-engines  in  use,  most  of 
which,  however,  had  only  ten  to  sixteen  horse-power. 

That  both  the  number  and  the  power  of  the  engines  must  be  in- 

•creased  is  a  natural  consequence  of  the  increasing  depth  of  the  mines, 

and  also  of  the  increasing  demand  for  ore ;  for  a  water-power  which  is 

sufficient  to  raise  ore  from  an  inconsiderable  depth  will  be  inadequate 

for  greater  quantities  of  ore  and  ^eater  depths. 

Owing  to  the  above-mentioned  causes,  the  annual  consumption  of 
ore  has  been  so  small  in  i)roportion  to  the  richness  of  Sweden  in  ore, 
that  enough  could  be  obtained  without  difficulty,  usually,  and  the  price 
of  ore  at  most  of  the  mines  has  been  so  small  (6.50  to  9.80  francs  per 
ton)  that,  with  few  exceptions,  the  aim  of  the  proprietors  of  the  mines 
has  been  to  supply  the  small  amount  annually  required  with  the  least 
possible  expense.  Such  a  method  of  procedure  is  in  most  cases  irrecon- 
cilable with  a  rational  system  of  mining,  and  it  is  doubtful  if  such  a 
43ystem  can  ever  be  possible  so  long  as  the  same  ore-bed,  standing  nearly 
vertical,  is  not  worked  by  one  single  company,  but  belongs  to  several 
different  owners,  each  of  whom  works  his  own  shaft,  and  who  may  easily 
•come  into  collision  with  each  other  down  below  the  surface.  Besides, 
the  available  water-power  in  many  great  mining-districts  is  not  suffi- 
•cient  for  raising  immense  quantities  of  ore ;  it  stands  to  reason,  how- 
ever, that  a  much  greater  effect  could  be  produced  with  it  if  the  mines 
stood  in  connection  with  each  other,  so  that  the  raising  of  the  ore  and 
the  water  could  be  concentrated  in  a  few  single  shafts,  instead  of  every 
separate  shaft  having  its  own  hoisting  and  pumicing  ax)paratus,  as  is 
now  often  the  case. 

It  is  not  strange,  therefore,  that  the  prospects  of  a  better  future  for 
the  iron-industry,  opened  by  the  high  price  of  iron  at  present,  and  still 
more  by  the  railroads  in  process  of  construction,  have  caused  a  consid- 
•erable  rise  in  the  price  of  iron-ores,  which  are  now  sold  for  24  to  30 
francs  and  more  per  ton  ;  in  addition  to  this,  it  is  to  be  hoped  that  in- 
creased value  of  the  mines  will  lead  to  a  more  rational  mining-system 
than  that  hitherto  in  use,  and  many  signs  indicate  that  this  hope  will 
soon  be  fulfilled. 

137.  BoaiKON  OBE  AND  LIMONITE.— The  bog-ores,  which  consist  of 
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hydrated  sesquLoxide,  are  formations  of  the  latest  time,  aud  are  coa- 
tinaally  forming  now.  They  occur  in  many  provinces,  and  formerly  were 
used  for  the  direct  production  of  wrought  iron.  They  occur  in  the 
greatest  quantity  in  the  province  of  Sm&land,  and  are  worked  almost 
alone  in  this  province ;  since  they  usually  contain  several  tenths  of  a 
per  cent,  of  phosphorus,  cast  iron  only  is  made  from  them. 

The  bog-ores,  which,  according  to  their  appearance,  are  called  "  Pal- 
ver-,''  "Perlen-,'' "Pfenning-,"  or  "Kuchen-ore,"  formbedsO.75  meter  thick, 
and  occur  usually  in  marshy  places  a  short  distance  from  the  shores  of  the 
lakes.  After  the  lakes  are  covered  with  ice  they  are  taken  out  with 
long-handled  shovels  and  steel  sieves.  The  deposit  gradually  forms 
again,  so  that  in  about  twenty  years  a  new  bed  has  formed  in  the  same 
place.  Owing  to  the  necessity  of  obtaining  the  ore  in  the  winter,  this 
can  never  be  of  very  great  imi)ortance. 

In  the  year  1871  15,769,444  kilograms  of  bog-ores  were  obtained,  as 
follows :  127,590  kilograms  in  the  province  of  Skaraborg ;  555,527  kilo- 
grams in  the  province  of  Oalmar;  8,911,864  kilograms  in  the  province 
of  Jonkoping ;  and  6,174,463  in  the  province  of  Kronoberg. 

138.  Pboduotion  op  Pia-iBON. — As  early  as  1830  there  was  a ''  stiick- 
ofen"  or  high  bloomary  furnace  in  operation  in  the  province  of  Jemtland, 
but  since  this  time,  a  few  experiments  excepted,  wrought  iron  has  not 
been  produced  directly  from  the  ore ;  but  the  iron-ores  are  first  reduced 
to  pig-iron  in  a  cupola-furnace. 

Formerly  the  cupola-furnaces  had  but  1  tuyere  and  were  9  meters  high; 
latterly,  most  of  them  are  increased  in  height,  and  are  provided  with  2 
to  4  tuyeres,  and  the  newly-built  furnaces  have  a  height  of  from  12  to  16 
meters.  The  height  of  the  cupola-furnaces  at  present,  therefore,  varies 
between  9  and  16  meters,  and  their  internal  diameter  between  1.5  and 
1.9  meters  at  the  top ;  2  and  2.9  meters  at  the  belly ;  0.8  and  1.4  between 
the  tuyeres.  The  internal  capacity  of  the  furnace-shafts  varies  between 
23  and  90  cubic  meters.  Usually  two,  sometimes  three  or  four,  tuyeres 
are  used ;  in  a  few  furnaces  there  is  still  only  one  tuyere.  The  diameter 
of  the  tuyeres  is  usually,  in  two-tuyere  furnaces,  between  47  and  60  mil- 
limeters. The  pressure  of  the  blast  varies  between  24  and  90  millime- 
ters of  mercury ;  it  is  generally  36  to  60  millimeters.  Blasts  ranging 
from  cold  air  up  to  air  at  400^  G.  are  used ;  in  general,  however,  it  is 
scarcely  200^  0. 

Charcoal  is  used  almost  exclusively  as  fuel  in  the  cupola-furnaces.  It 
is  mixed  with  wood  in  a  few  furnaces,  especially  in  Smiiland,  0.21  cubic 
meter  of  oak  wood  corresponding  to  about  1  Swedish  ton,  or  0.165  cubic 
meter  of  pine  charcoal ;  at  most,  every  third  ton  of  coal  is  replaced  by 
wood  in  this  way.  At  Schisshyttan,  where  speigel  iron  is  produced, 
Mr.  Keiller  has  lately  begun  to  employ  wood  in  greater  quantities,  and 
the  furnace  has  been  buUt  up  to  17.8  meters  for  the  purpose,  the  upper 
3.5  meters  of  which  form  an  apparatus  for  converting  wood  into  char- 
coal, which  is  heated  by  a  part  of  the  gases,  which  are  very  rich  under 
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each  proportions.  Besides  wood,  coke  and  some  charcoal  are  used,  and 
the  blast  is  Intended  to  have  a  pressure  of  118  millimeters  of  mercury, 
and  a  temperature  of  about  500^  G.  In  a  few  spiegel-iron  furnaces  char- 
coal mixed  with  English  coke  is  used,  without  the  addition  of  wood. 

The  coal  is  made  almost  entirely  from  pine  and  fir,  and  every  ton 
(0.165  cubic  meters  contains  about  21.3  kilograms  of  actual  carbon. 
The  consumption  of  coal  varies  between  5  and  8  cubic  meters  per  ton 
of  pig-iron.  In  the  furnaces,  however,  which  work  the  very  poor  and 
titaniferous  ore  from  Taberg  in  Sm&land,  it  rises  to  15.5  cubic  meters. 
The  ordinary  consumption  of  coal  is  5.8  to  6.6  cubic  meters  per  ton  of 
pig-iron,  or,  when  reckoned  by  weight,  75  to  85  kilograms  clear  carbon 
to  100  kilograms  pig-iron. 

The  ore  is  roasted  in  pieces  the  size  of  one's  fist,  or  twice  as  large, 
and  then  crushed  between  rollers  or  in  a  Blake  stone-crusher  to  the 
size  of  a  walnut.  The  charges  of  ore  are  made,  according  to  the  size  of 
the  furnace,  of  6  to  10  tons,  or  0.99  to  1.65  cubic  meters  coal,  and  great 
care  is  used  in  charging,  so  that  most  of  the  ore  lies  where  the  most  gas 
comes  up,  which  is  usually  along  the  walls.  In  proportion  to  a  cubic 
meter  of  coal,  more  of  a  poor  ore  can  be  charged  than  of  a  similar  but 
richer  ore;  yet  not  enough  of  the  poor  ore  can  be  added  so  that  the 
consumption  of  fuel  per  kilogram  of  pig-iron  produced  will  not  be 
greater  than  for  the  rich  ore.  If  the  unusual  proportions  which  the 
ore  from  Taberg  requires  are  excepted,  the  charges  give  commonly  40 
to  50  per  cent  of  pig-iron,  and  per  cubic  meter  of  coal  260  to  450  kilo- 
grams of  ore  and  limestone  are  charged.  These  differences  are  by  no 
means  occasioned  by  the  i^mount  of  iron  in  the  charge,  but  also  by  the 
ease  or  difficulty  of  reducing  the  ore,  so  that  usually  considerably  more 
of  the  hematite  (blood-stone)  can  be  charged  than  of  the  magnetite,  which 
is  not  so  easily  reduced.  In  addition  to  this,  the  charge  of  ore  per 
cubic  meter  of  coal  can  be  greater,  and  therefore  the  consumption  of 
fuel  per  ton  of  iron  less,  in  the  larger  furnaces  than  in  the  small  ones ; 
and  naturally  in  a  furnace  in  which  a  higher  temperature  of  blast  is 
employed  more  ore  can  be  added.  Finally,  it  is  to  be  noticed  that  the 
carbonization  in  different  places  is  conducted  with  very  different  care- 
fulness, and  good  coal  can  naturally  bear  more  ore  than  loose  and 
brittle  coal. 

According  to  the  capacity  of  the  furnace,  the  descent  of  the  charge  is 
more  rapid  in  the  smaller  furnaces  than  in  the  more  capacious  ones.  In 
the  largest  furnaces,  only  a  small  change  in  the  state  of  the  contents  of 
the  shaft  takes  place  in  twenty-four  hours,  while  in  the  smaller  ones  they 
are  renewed  from  two  to  two  and  a  half  times.  The  absolute  change  of 
the  charge,  or  the  number  of  cubic  meters  of  coal  consumed  in  the  unit 
of  time,  is  in  each  case  greater  in  the  more  spacious  than  in  the  smaller 
furnaces.  In  the  smallest  furnaces,  weekly,  30  to  G4  tons,  in  the  medium- 
sized,  64  to  85,  and  in  the  largest,  85  to  130  English  tons  of  pig-iron  are 
produced. 
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The  furnace-gas  is  generally  employed  for  roasting  the  ore  and  heat- 
ing the  blast,  and  in  snch  iron- works  as  have  a  lack  of  water-power,  it 
serves  also  for  heating  the  steam-boiler.  If  a  Westman  roasting-far- 
nace  is  ased,  and  a  moderately  high  temperatare  of  blast  is  reqaired, 
then  the  gas  is  only  sufficient  for  the  two  first-mentioned  purposes. 
The  whole  of  the  gas  is  not  available,  but  a  part  escat>e8  through  the 
top  of  the  furnace,  which  is  usually  open.  The  gas  which  is  used  is 
taken  out  either  by  cylinders  reaching  2.3  to  3  meters  below  the 
top,  or  through  three  or  four  gas-conductors,  opening  about  a  third 
of  the  height  of  the  furnace,  or  3.5  to  5  meters  below  the  top.  A  few 
furnaces  are  pro%ided  with  covers,  but  fcom  the  way  in  which  the  charg- 
ing is  managed,  they  remain  open  a  third  of  the  time..  Only  at  Schiss- 
hyttan  is  a  mouth  closed  according  to  the  bell-and  hopper  principle 
employed. 

Most  of  the  pig  is  destined  for  the  '<  hearth-finery  ^  according  to  the 
so-called  Lancashire  method,  and  for  this  purpose  an  iron,  poor  in 
silicon  and  without  adhering  sand,  is  desired  ^  so  the  ordinary  pig-iron 
is  not  cast  in  sand-molds,  but  in  forms  in  which  it  receives  the  shape 
of  broader  and  flatter  pigs.  Such  iron  is  usually  desired  mottled,  asd 
for  that  purpose  the  charges  are  so  mixed  as  to  give  about  a  bisilicate 
slag.  For  the  production  of  iron  destined  for  the  manufacture  of  bar- 
iron,  more  basic  mixtures  are  desired,  and  therefore  greater  quantities 
of  limestone  and  manganiferous  ores  are  employed  than  in  the  charging 
for  merchant-iron,  which  can  often  be  somewhat  acid. 

The  pig-iron  destined  for  the  Bessemer  fining  is  usually  blown  gray, 
nevertheless,  however,  with  more  basic  charges  than  the  above-men- 
tioned or  Lancashire  pig-iron. 

In  the  district  of  Dannemora  an  almost  white  iron,  with  small  gray 
spots  like  hail-stones,  which  is  cast  in  sand  in  the  form  of  pigs  of  4  to  6 
meters  in  length,  is  desired  for  the  Wallon  fining  process.  The  charges 
nsed  in  the  production  of  this  iron  are  the  most  basic  of  any  in  Sweden, 
with  the  exception  of  those  required  for  spiegel  iron.  They  approach 
much  more  nearly  the  singulo-silicate  than  the  bisilicate,  but  no  lime, 
fitone  is  added  to  them,  because  the  Dannemora  ores  are  so  rich  in 
lime  and  magnesia  that  it  happens  that  with  the  low  temperature  of 
the  blast  employed  at  Dannemora,  (from  nnwarmed  to  100^  G.,)  the 
smelting  cannot  be  accomplished  without  the  addition  of  silica. 

Ordinary  mottled  Swedish  pig  for  hearth-fining  contains,  generally, 
about  4  per  cent,  carbon,  0.1  to  0.4  per  cent  silica,  and  0.0 1  to  0.03  per  cent, 
sulphur,  and  also  0.01  to  0.05  per  cent.,  sometimes  even  0.15  i>er  cent, 
phosphorus.  The  amount  of  silicon  in  the  Bessemer  pig  is  usually 
about  1  per  cent ;  in  a  few  places,  however,  it  is  only  0.7  per  cent 

At  a  few  furnaces,  as  at  Schisshyttan  and  Finnsbo,  manganiferous 
fipiegel  iron  is  produced.  These  two  furnaces  lie  in  the  province  of 
Kopparberg,  and  work  the  Svartberg  ores  containing  knebelite.  The 
charges  are  made  as  basic  as  possible,  and  for  the  production  of  a  high 
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temperatare  the  charcoal  is  mixed  with  some  coke.  The  spiegel  from 
Schissbyttan  contains  occasionally  17  per  cent,  of  manganese. 

Pig-iron  for  ordinary  castings  is  generally  made  from  trisilicate 
charges,  bat  this  is  not  very  important,  for  oast  iron  is  imported  from 
England  and  Scotland.  On  the  other  band,  at  a  few  famaces,  a  cast  iron 
is  produced  superior  on  account  of  its  great  hardness,  as  at  Finspong, 
where  the  cast  iron  is  used  for  cannons,  projectiles,  car- wheels,  &c.,  and 
at  Ankarsrum,  where  the  cast  iron  is  used  for  projectiles  andisar-axles. 

Finally  pig-iron  is  also  produced  for  malleable  castings;  for  example 
at  Aker  and  at  Kiblafors. 

The  blast-farnace  slag  serves  quite  often  as  a  building-material,  for 
which  purpose  it  is  cast  in  iron  molds,  and  it  is  very  common  to  employ 
slag-bricks  for  the  outer  wall  both  of  the  cupola- furnace  and  the  roast- 
ing-fumace ;  sometimes,  indeed,  the  whole  furnace-shaft  is  built  of  this 
material. 

139.  Means  and  methods  op  transportation. — In  consequence  of 
the  difficulty  of  bringing  together  to  one  place  great  quantities  of  chiar- 
eoal  and  ore,  there  have  been  at  one  place  only,  namely,  Finspong,  two 
furnaces  till  within  the  last  year;  and  at  most  of  the  iron-works  the 
material  has  not  been  sufficient  to  maintain  the  single  furnaces  in  unin- 
terrupted activity  for  the  whole  year.  All  the  material  must  be  brought 
to  the  majority  of  the  Swedish  Aimaces  on  sleds,  and,  therefore,  the 
blowing  does  not  begin  till  sleighing  comes.  The  duration  of  the  cam- 
paign depends  in  great  measure  upon  the  character  of  the  winter ;  for 
the  better  and  longer  the  sleighing  is,  the  more  material  can  be  brought. 
However,  it  has  been  possible  at  only  a  few  places  to  obtain  during  the 
winter  enough  coal  and  ore  to  continue  the  campaign  till  sleighing 
begins  again  the  next  year,  but  it  ceases  usually  about  the  beginning 
or  middle  of  the  following  summer,  and  then  the  furnace-hands  are 
employed  about  the  harvest,  &c.  There  are  examples,  however,  of  the 
campaign  continuing  uninterruptedly  for  six  years,  as  at  Borgvik,  in 
Wermland. 

At  a  few  of  the  old  iron-works,  which  have  better  communication, 
during  the  last  year  new  famaces  have  been  erected  beside  the  old 
ones,  so  that  now  not  only  at  Finspong  are  there  two  furnaces,  but  also 
at  Westanfors,  Sandviken,  Hofors,  Dalkarlshyttan,  and  Forsbacka. 
Besides,  at  a  few  others  of  the  older  works  a  second  furnace  is  being 
boilt,  and  at  some  of  the  greater  Bessemer  plants,  determined  upon 
during  the  last  year,  though  not  3*et  completed,  it  is  the  plan  to  erect 
three  or  four  blast-furnaces. 

Through  improved  means  of  communication  the  manufacture  of  pig- 
iron  is  continually  becoming  more  independent  of  the  character  of  the 
winter;  yet  good  and  not  too  short  sleighing  will  always  be  the  chief 
requisite  for  a  considerable  iron-production,  for  the  charcoal-heaps  in 
the  interior  of  the  forest  are  usually  attainable  only  when  the  rivers  and 
lakes  are  covered  with  ice  and  the  snow  ha^  made  the  trackless  wilder- 
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Dess  passable.    Therefore^  in  most  cases  the  coal  can  be  brought  to  the 
railroads  or  other  ways  of  commanication  only  during  this  time. 

For  man,  horse,  and  cart,  the  price  is  3.5  to  7  firancs  a  day ;  under 
the  present  favorable  conjunction,  however,  12  francs  and  even  more. 
For  further  transport,  it  costs  per  kilometer  for  1  ton  20  to  60  centimes, 
while  the  freight  for  ore,  coal,  and  iron  on  the  government  railways  is 
for  1  Swedish  mile  =  1.441  geographical  miles,  or  10.686  kilometers,  1.30 
francs  per  ton;*  10  Swedish  miles,  6.53  francs  per  ton;  20  Swedish 
miles,  10.45  francs  per  ton ;  30  Swedish  miles,  14.37  francs  per  ton ;  40 
Swedish  miles,  16.98  francs  per  ton ;  50  Swedish  miles,  20.58  francs  per 
ton ;  60  Swedish  miles,  24.17  francs  per  ton ;  70  Swedish  miles,  27.76 
francs  per  ton ;  but  when  the  distance  is  more  than  twenty  miles,  often 
a  discount  of  20  per  cent,  is  allowed. 

The  furnace-hands,  like  the  miners,  often  have  lodgings  and  other 
advantages,  and  their  mere  wages  are  less,  therefore,  the  greater  the  for- 
mer are ;  they  are  paid  by  contract,  usually  2  to  5  francs  for  the  furnace- 
master  and  1.75  to  2.75  francs  for  the  other  hands. 

The  cost  of  working  is  from  4.90  to  6.50  francs  per  ton  of  pig-iron, 
including  the  roasting  and  breaking  of  the  ore. 

NuJCBBB  OP  FUBNACES  ANB  P&ODUGTION. — During  the  year  1871, 
there  were  207  blast-furnaces,  which  together  were  in  operation  37,471 
days ;  293,116,971  kilograms  of  iron  in  pigs,  5,810,489  kilograms  of  cast 
ware,  or  in  all  298,917,460  kilograms  of  iron  were  produced,  and  at  the 
works  themselves  3,812  hands  were  employed. 

140.  Wbought  iron  and  steel. — The  fining  method  most  gener- 
ally used  in  Sweden  is  that  kind  of  hearth-fining  commonly  called  the 
Lancashire  method.  It  is  a  process  which  is  carried  on  in  small  covered 
hearths,  and  the  bloom-iron  obtained  from  the  same  is  afterward  welded 
in  separate  furnaces.  The  hearths  have  usually  two  tuyeres,  some- 
imes,  however,  only  one,  which  stand  opposite  each  other,  and  each 
opening  in  the  two-tuyered  hearth  is  about  3.5  square  centimeters  in 
size.  The  pressure  of  blast  is  about  80  millimeters  of  mercury,  and  the 
temperature  of  the  same  is  between  100  and  200^  G.  For  each  bloom 
90  kilograms  of  pig-iron  are  usually  added,  but  this  number  varies  la 
different  places  between  68  and  128  kilograms.  Two  to  three  men, 
who  alternate  with  others,  are  constantly  employed  in  the  working, 
which  is  continued  day  and  night  for  six  days  in  the  week,  in  which 
same  in  each  hearth  6,800  to  12,800  kilograms  of  bloom-iron  are  pro- 
duced, with  a  loss  of  about  13  p#r  cent,  of  pig-iron,  and  a  consumption 
of  fuel  of  4.6  to  6.6  cubic  meters  of  coal,  that  is,  after  reception  in  the 
coal-shed,  per  ton  of  bloom-iron. 

The  blooms  in  the  larger  iron-works  are  compressed  under  tnp-ham- 
mers  of  3,400  to  4,300  kilograms'  weight,  which  are  entirely  of  cast 
iron ;  in  the  smaller  works,  on  the  other  hand,  they  are  drawn  under 
wooden-handled  breast-hammers  of  only  850  kilograms'  weight,  or 
sometimes  under  steam-hammers  of  650  to  1,300  kilograms'  weight. 

*  1  ton  here,  as  elsewhere  in  this  memoir,  generally  is  eqaal  to  1,000  kilograms. 
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In  many  places  lately  rolls  have  been  set  np,  with  the  aid  of  which 
the  compressed  bloom  is  rolled  out,  without  reheating,  into  bars,  partly 
for  refined-iron  manufacture  and  partly  for  the  production  of  cast  steel. 
Usually,  however,  the  blooms  compressed  under  the  hammer  are  al- 
lowed to  get  completely  cold  before  they  are  heated  to  welding-heat  in 
separate  ovens,  in  order  to  draw  them  finally  under  the  hammer  or 
through  the  rolls.  A  piling-up  does  not  take  place  except  with  the  cut- 
off ends  and  waste  iron,  but  each  bloom  is  welded  by  itself,  and  this 
welding  occurs  in  the  smallest  works,  sometimes  in  forging-fires,  but 
usually  in  gas  furnaces.  It  is  to  be  noticed  here  that  the  working  of 
the  forges  is  generally  continuous,  so  to  speak,  for  it  does  not  happen, 
as  in  other  countries,  that  the  furnace  is  for  once  filled  up  with  blooms 
and  then  left  to  itself  till  all  the  bloomy  together  have  reached  a  weld- 
ing-heat, but  the  furnace  is  very  long,  and  the  blooms  are  introduced 
cold  into  the  end  farthest  from  the  fire-hearth,  and  are  pushed  forward 
by  degrees  toward  the  warmer  part  of  the  furnace,  as  other  blooms  are 
taken  out  at  a  welding-heat,  till  they  are  brought  near  the  fire-bridge, 
where  they  obtain  a  full  welding-heat  and  are  finally  taken  out.  When 
a  welding-hot  bloom,  therefore,  is  taken  out,  all  the  others  are  pushed 
forward,  and  the  space  at  the  cooler  end  of  the  furnace  is  filled  with  a 
new  cold  bloom,  and  so  it  goes  on  uninterruptedly. 

As  fuel  in  the  gas-furnaces,  in  a  few  places,  charcoal  alone  is  used ; 
usually,  however,  it  is  mixed  with  mineral  coal,  peat,  or  wood ;  some- 
times, also,  one  of  these  three  last-named  fuels  is  used.  The  furnaces  are 
different  in  their  construction,  according  to  the  fuel  for  which  they  are 
intended ;  most  of  them  are  variations  of  the  old  Ekman  furnace ;  lately 
they  have  given  place  somewhat  to  the  Lundin  welding-furnaces.  They 
are  Siemens  regenerating-furnaces  in  combination  with  condensers  to 
remove  the  water  present  in  the  fuel,  which  in  these  furnaces  consists 
exclusively  of  air-dried  saw-dust,  wood,  or  peat. 

The  action  of  the  welding-furnace  is  very  different,  according  as  the 
bloom  is  drawn  by  means  of  the  hammer  or  rolls,  for  in  the  latter  case 
the  whole  bloom  is  heated  and  drawn  at  once,  while  in  the  former  first 
one  end  is  drawn  and  then,  after  reheating,  the  other.  A  welding-furnace, 
with  apparatus  for  drawing  by  means  of  hammers,  turns  out  weekly 
25,500  to  55,300  kilograms,  while  one  with  rolls  in  the  same  time 
will  prodace  51,000  to  85,000  kilograms.  The  consumption  of  fuel  in 
a  welding-furnace  per  ton  of  bar-iron  is  essentially  less  in  the  rolling 
than  in  the  hammering  process,  and  generally  varies  between  1.9  and 
3.7  cubic  meters  charcoal,  or  0;25  to  0.6  cubic  meters  hard  coal.  In  the 
Lundin  weldiqg-furnace,  on  the  other  hand,  it  is  usually  1.8  to  2.5  cubic 
meters  wood,  or  3  to  4.3  cubic  meters  of  air-dried  peat,  or  about  6.8  cubic 
meters  of  saw-dust,  per  ton  of  bar-iron. 

Finally,  the  loss  of  iron  through  the  welding  is  less  in  rolling  than  in 
hammering^  in  the  former  it  is  about  9  per  cent.,  and  in  the  latter  12 
per  cent,  of  the  weight  of  the  blooms. 
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Bolling-miUs  are  naturally  ansnitable  for  small  iron-works,  whidi, 
however,  can  derive  advantage  from  them  by  disoontinoing  their  old 
hammering-process,  and  instead,  producing  only  blooms  which  can  be 
worked  by  one  rolling-mill  common  to  several  such  fining-mills.  In  this 
way  the  rolling-mill  of  Smidjebacken  up  to  the  year  1871  had  rolled  the 
most,  but  in  that  year,  however,  Bofors  had  the  greatest  production, 
namely,  6,128,150  kilograms  of  bar  and  refined  iron. 

Besides  the  Lancashire  method,  the  so-called  Franche-Comt^  finery- 
process  is  employed,  especially  in  small  iron-works  in  whose  neighbor- 
hood there  is  no  rolling-mill.  In  the  manner  in  which  it  is  here  con- 
ducted it  is  similar  to  the  first,  only  the  welding  of  the  blooms  occurs 
in  the  same  hearth.  In  this  process  the  loss  is  somewhat  less  than  in 
the  Lancashire  method,  in  which  the  welding  takes  place  in  separate 
furnaces ;  on  the  other  hand,  the  production  is  not  so  great,  being  only 
3,800  to  4,300  kilograms  of  Imr-iron  weekly  for  each  hearth.  The  great 
fault  is  that  the  consumption  of  coal  is  so  great,  it  being  about  9.7  cubic 
meters  of  charcoal  per  ton  of  bar-iron,  sometimes  even  rising  toll.& 
cubic  meters  or  more,  which  will  soon  cause  the  discontinuance  of  this 
method,  when  improved  communication  shall  have  increased  the  value 
of  charcoal  in  the  remote  districts. 

In  the  Dannemora  district  the  old  Wallon  process  is  employed,  in 
which  two  hearths  are  usually  worked  together  in  such  a  way  that  the 
bloom  produced  in  one  is  welded  in  the  other,  and  then  drawn  under 
the  hammer.  The  two  hearths  afford  8,500  to  10,700,  sometimes  even 
12,700,  kilograms  of  bar-iron  weekly,  with  a  consumption  of  charcoal  of 
from  19  to  23,  sometimes,  however,  only.  15,  cubic  meters  per  too. 

In  a  few  places,  finally,  other  fining  methods  ace  employed,  but  those 
named  are  the  only  ones  which  now  have  any  importance  for  Sweden,. 
Amoi^g  them  all,  the  Lancashire  method  affords  the  most  uniform  and 
densest  iron,  which  again  depends  upon  the  control  which  a  well-regu- 
lated furnace  has  over  the  hands.  If  the  welding  is  done  in  a  hearth- 
furnace,  it  is  much  easier  for  the  smith  to  draw  a  bar  firee  from  fiawfr 
on  the  outside  from  a  bloom  which  is  not  uniform,  than  when  the  weld- 
ing-furnace is  used,  for  there  the  different  parts  of  the  bloom  are  ex- 
posed to  a  more  uniform  heating.  Since  uniformity  and  compactness^ 
are  chief  requisites  of  a  good  merchant-iron,  naturally  the  Lancashire 
method  is  the  most  suitable  fining-process  for  the  production  of  sucb 
iron. 

Of  the  Wallon  iron  it  may  be  said  that  it  is  characterized  by  its  not 
being  uniform,  or  by  a  mixture  of  weak  and  hard,  almost  steel-like,, 
iron.  It  is  used  exclusively  for  steel-production,  and  then  the  non- 
uniformity  is  not  very  injurious,  while  the  value  is  really  determined  by 
the  ^^  body  ^  caused  by  the  properties  of  the  ore  used  for  the  production* 
of  the  iron.  Indeed,  it  appears  as  if  the  non-uniformity  of  the  Wallon 
iron  was  a  good  property  in  the  eyes  of  the  English  steel-manufacturers, 
since  they  are  opposed  to  changing  this  method.    If  the  real  cause  of 
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this  is  sought  for,  it  mast  be  foand  in  the  fact  that  the  hard,  steely 
parts  shorten  somewhat  the  time  required  to  burn  this  iron  to  steel. 

The  mere  wages  of  the  forgers  are  governed  by  the  amount  produced, 
and  the  contract  is  so  drawn  up  that  only  one,  (the  master,)  or  more 
often  two,  (the  master  and  his  helper,each  of  whom  oversees  his  work,  > 
are  responsible  for  the  result,  and  must  pay  fines  when  the  loss  of  iron 
or  consamption  of  coal  exceeds  certain  limits ;  on  the  other  hand,  how^ 
ever,  they  obtain  special  pay  for  coal  saved  and  higher  wages  for  the  so- 
called  ^^overiron"  than  for  the  iron  which  they  must  produce  from  a 
certain  amount  of  pig-iron,  according  to  contract.  In  addition  to  vari- 
ous advantages,  the  master  and  his  helper  have  usually  2,100  francs 
annually,  but  they  must  pay  their  own  help. 

In  the  Lanschire  method,  the  cost  of  working  amounts  to  10  to  13 
francs  per  ton  of  bloom-iron,  and  for  the  welding  and  drawing,  to  about 
10  to  16  francs  per  ton  of  bar-iron,  less  for  rolling,  and  more  for  hammer- 
ing. 

Daring  the  year  1871,  in  the  whole  country,  with  827  active  hearths, 
187,791,642  kilograms  of  bar  and  refined  iron  were  produced,  and 
6,073  workmen  were  employed. 

141.  The  pudding-process  is  employed  at  only  a  few  iron- works  which 
manufacture  their  own  iron,  namely :  At  Motala,  Surahammar,  Nyby,. 
Gannebo,  and  Kallinge.  The  fuel  used  in  the  padding-fornace  is 
osoally  English,  mineral  coal,  only  at  Surahammar  and  Nyby  wood  is 
employed* 

At  Motala,  in  a  few  puddling-furnaces  a  weak  blast  is  used  under  the 
grate,  and  before  it  is  brought  into  the  ash-pit  its  temperature  is  raised 
by  being  conducted  around  'the  furnace-walls  and  under  the  bottom. 
By  measure  the  furnaces  use  about  0.95  cubic  meters,  or  730  kilo- 
grams, of  mineral  coal  per  ton  of  puddled-iron ;  on  the  average,  the  con- 
sumption of  coal,  after  receiving  into  the  coal-shed,  is  fully  1.2  cubic 
meters,  or  960  kilograms,  per  ton  of  bloom-iron,  about  17  tons  of 
which  are  produced  weekly  from  each  furnace.  Surahammar  uses  about 
6  cubic  meters  of  air-dried  pine  wood  per  ton  of  puddled  iron. 

At  Motala  experiments  are  being  tried  with  Bank's  self-acting  pud- 
dling-furnace.  As  the  puddling  has  hitherto  been  conducted,  the  cost 
of  working  has  been  about  11  francs  per  ton  of  bloom-iron. 

The  welding-furnaces  at  Motala  are  exclusivdy  heated  with  mineral 
coal,  and  most  of  them  are  provided  with  blast  according  to  Whitten- 
Strom's  construction.  The  Wittenstrom  welding-furnace,  which  is  used 
elsewhere  in  some  other  iron-works,  is  in  fact  only  a  modification  of  the 
Ekman  furnace,  bat  not  the  above  mentioned  with  the  so-called  ^'  coal- 
tower,"  bat  that  for  wood.  The  main  difference  is  that  the  fire^hearth 
of  the  last-named  furnace  has  no  grate,  like  the  Wittenstrom,  and  that 
the  blast,  which  in  the  Ekman  furnace  is  introduced  through  the  end- 
wall  of  the  fire-hearth,  in  the  other  enters  under  the  grate. 

142.  Bessemer  process. — ^The  Bessemer  process  has  been  used  iii 
Sweden  since  its  beginning,  but  in  the  year  1871  not  more  than  8,038,- 
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254  kilograms  of  Bessemer  metal  were  prodaced,  and,  although  this  pro- 
cess seems  very  suitable  for  Sweden,  since,  on  the  one  hand,  most  of  the 
Swedish  ores  are  well  adapted  for  it,  and,  on  the  other,  the  consumption 
of  fuel  for  the  metal  produced  by  this  process  is  only  about  half  as 
great  as  for  the  Lancashire  iron,  still  the  Bessemer  process  has  not, 
till  of  late  years,  received  a  general  recognition.  The  main  cause  of 
this  lies,  doubtless,  in  the  fact  that  this  method  requires  such  costly  ap- 
paratus, and  on  this  account  is  not  suitable  for  iron -works  with  a  small 
production ;  in  addition,  the  Bessemer  process  is  not  well  adapted  for 
the  production  of  bar-iron,  but  requires  the  manufacturing  or  improv. 
ing  of  thei  ingots  produced  for  ready  wares.  The  last-named  circum- 
stance should  be  no  hinderance  to  the  spread  of  the  Bessemer  process, 
for  a  considerable  increase  of  the  Swedish  iron-industry  can  only  be  ob- 
tained by  producing  some  other  kinds  of  iron  than  bar-iron,  for  the  de- 
mand for  this  in  the  world's  market  is  usually  very  limited.  In  the  last 
year  Sweden  has  sold  to  foreign  countries  almost  no  other  kinds  of  iron 
than  bar-iron  and  refined  steel,  and  it  is  therefore  necessary,  for  the  in- 
troduction of  the  Bessemer  process,  to  create  a  new  market,  which 
naturally  hinders  the  spread  of  this  process.  All  the  large  iron-works 
completed  lately,  lying  on  the  projected  railways,  are  intended  for  the 
Bessemer  manufacture,  and,  in  addition,  in  the  year  1872,  four  Besse- 
mer works,  Forsbacka,  Abackshyttan,  L&ngshyttan,  and  Iggesund, 
have  been  completed,  and  two  others,  Mngbanshyttan  and  Ul&hyttan, 
nearly  so,  and,  finally,  many  iron-works  which  have  hitherto  used  the 
Lancashire  method  are  erecting  Bessemer  works. 

In  the  year  1871  there  were  seven  Bessemer  works  in  operation,  but 
the  production  at  three  of  them,  which  have  small  upright  furnaces,  was 
very  slight,  from  all  of  them  not  amounting  to  more  than  397,740  kilo- 
grams. The  rest,  or  7,040,514  kilograms,  was  produced  at  Sjtndviken, 
Westanfors,  Svartuas,  and  Backa,  where  the  Eaglish  movable  furnaces 
are  used.  All  the  Bessemer  works  erected  during  the  previous  year 
have  movable  furnaces,  and  it  is  very  improbable  that  hereafter  any 
stationary  Bessemer  furnaces  will  be  built. 

In  all  the  Swedish  Bessemer  works,  as  hitherto  conducted,  the  pig-iron 
is  taken  directly  from  the  blast-furnace  without  remelting.  In  the  mova- 
ble furnaces  (converters)  charges  of  2,300  to  3,900  kilograms  are  em- 
ployed. The  converters  have  six  to  seven  brick  tuyeres,  each  of  which 
has  six  to  seven  holes,  with  a  diameter  of  11  to  18  millimeters.  The 
pressure  of  blast  is  usually  between  600  and  900  millimeters  of  mercury, 
and  the  whole  process  is  finished  generally  in  4  to  10  minutes.  With 
the  exception  of  Sandvicken,  where  steam  is  partly  used,  all  the  larger 
Bessemer  works  use  water-power  entirely.  The  blowing-engines,  both 
at  the  above-named  works  and  those  lately  erected,  are  from  350  to 
over  500  horse-power. 

At  some  Bessemer  works  1  or  2  per  cent  of  spiegel  iron  is  added 
toward  the  close  of  the  process ;  in  others,  however,  which  work  more 
manganiferons  ores,  no  addition  of  spiegel  is  necessary,  since  as  soft  an 
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iroQ  as  desired  may  be  prodaced  in  them  withoat  danger  of  rQdshort- 
ness. 

Of  the  weight  of  pig-iroa  used,  85  to  89  per  cent.  Bessemer  ingots  is 
generally  obtained,  and  only  a  few  per  cent,  of  waste. 

143.  Martin  steely  cement  steely  dec. — Since  the  j^ear  1868,  at  Monk- 
fors,  cast  steel  has  been  prodaced  in  a  Siemens  rej?enerating- fur- 
nace with  a  Lundin  condenser,  according  to  the  method  of  Martin. 
Also,  at  Lesjofors,  such  steel  has  begun  to  be  produced,  and  experiments 
on  a  smaller  scale  have  been  cotnmeuced  at  some  other  works. 

.  The  furnaces  are  small,  holding  only  800  to  1,300  kilograms.  For  fuel 
air-dried  wood  is  used ;  6  to  7.4  cubic  moters  per  ton  of  melted  steel  or 
iron.  The  most  noticeable  fact  is  that  in  this  way  uuiformlj'-soft  iron 
can  be  produced  successfully,  which  is  rolled  into  nail-iron  or  wire. 

At  Wiksuanshyttan  cast  steel  is  produced  by  the  Uchatins  method, 
from  granulated  pig-iron  mixed  with  powder  of  rich  ore  and  a  little 
charcoal.  The  fusing  takes  place  in  graphite  crucibles  in  ordinary 
English  furnaces  heated  with  coke.  The  steel  produced  in  this  way  is 
suitable  for  such  purposes  as  require  great  compactness  with  considera- 
ble hardness,  as  for  dies,  hammers,  &c. 

Hitherto  cement-steel  has  been  pretty  generally  produced,  which  is 
drawn  before  it  goes  into  the  market  under  various  names.  At  Snra- 
hammar  and  Motala  puddled  stQel  is  also  produced,  and  at  Graningo 
some  raw  steel  is  made  on  the  hearth.  In  addition,  cast  steel  works 
have  been  erected  at  Osterby  for  melting  in  crucibles  in  a  Siemens- 
Lundin  furnace,  using  wood  as  fuel. 

The  iron  and  steel  manufacture  is  not  yet  great  enough  to  satisfy 
the  demands  of  the  country  itself;  it  is  hoped,  however,  that  in  a  few 
years  quite  different  relations  in  this  respect  will  come  about,  for  all  the 
greater  Bessemer  works  mentioned  below  are  intended  for  the  manufac- 
ture of  rails  and  other  railroad  material,  together  with  sheet-iron. 

144.  KoLLiNOMiLLS. — The  foremost  of  the  rolling-mills,  hitherto  in 
operation,  for  sheet-iron  is  Motafa,  and  next  Surahammar  and  Kloster 
are  the  greatest,  although  at  the  last  mentioned  only  thin  plate,  like 
wire-plate,  &c.,  is  made.  At  Surahammar  puddled  iron  is  used  exclu- 
sively for  the  manufacture  of  plate:  at  Motala  the  Bessemer  iron  from 
this  and  other  iron-works  is  used.  At  Kloster  the  Lancashire  iron  was 
formerly  employed,  but  they  have  in  view  now  the  plan  of  using  the 
Bessemer  iron  from  Langshyttau,  which  belongs  to  the  same  company. 

Iron  rails  of  the  ordinary  dimensions  at  present  Ciin  be  produced  at 
only  two  works,  namel^^,  Motala  and  Smedjebackeu.  At  the  first-named 
works,  during  the  year  1871  there  were  rolled  out — 

Kilu^rauis. 

Bessemer-steel  rails 1, 190, 200 

Puddled-iron  rails 76, 400 

Puddled-iron  rails  with  heads  of  Bessemer  stQel 870, 900 

Total 2,137,500 

12  I 
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At  Smedjebackeu,  in  the  same  year,  1,083,702  kilograms  of  rails  were 
rolled,  110,084  kilograms  of  which  were  from  the  Bessemer  steel  from 
from  Backa,  and  the  rest  from  Lancashire  iron. 

Gar-wheels  of  wroaght  iron  are  manafactared  only  at  Surahammar, 
where  tires  of  paddled  steel  are  also  made ;  Srindviken  is  the  only  place, 
however,  where  tires  have  been  made  in  large  quantity,  and  from  Besse- 
mer steel  hitherto. 

At  Surahainmar  ^car-axles  of  puddled  steel  are  made,  and  at  a  few 
machine-shops  machine-axles  from  iron- waste  are  made;  but  the  chief 
places  for  the  production  of  large  axles  at  present  are  Motala,  where 
they  can  be  obtained  either  of  Bessemer  or  puddled  steel  as  desired ; 
and  also  Fagersta  and  Sandviken,  which  make  them  only  of  Bessemer 
steel. 

Nails,  are  manufactured  at  many  works  and  in  very  diilerent  ways, 
but  this  manufacture  is  carried  on  to  the  greatest  extent  in  the  prov- 
inces of  Blekinge  and  Ostgothland,  where  they  are  made  mostly  by  cut- 
ting out  of  plate,  and  next  in  VYermland,  where  they  are  produced 
mainly  by  machines  from  wire.  Besides  this,  many  nails  are  manufac- 
tured by  hand. 

A  part  of  the  Bessemer  metal  of  VVestanfors  is  worked  at  Fagersta, 
which  belongs  to  the  same  proprietor,  to  gun  barrels,  saws,  and  springs; 
but  Eskilstuna  is  the  chief  place  for  the  manufacture  of  small  articles 
of  iron  and  steel,  like  locks,  tools,  knives,  arms,  &c. 

Wire  is  drawn  at  many  works,  as  Kolsva,  Bofors,  Degerfors,  Gunnebo, 
Lesjofors,  and  Munkfors;  but  Lesjofors  is  the  main  place  for  wire-draw- 
ing, and  part  of  the  wire  is  employed  on  the  spot  for  the  manufacture 
of  rope  and  nails. 

145.  Table  shoicing  the  amount  of  ore  obtained  and  the  manufacture  of  pig  and  wrought  iron^ 
steel  and  manufactured  warenj  in  ike  years  1860,  1^65,  1870,  and  1871,  as  far  as  it  ha« 
been  announced  by  the  Royal  Commercial  College. 


166«. 


1865. 


Mino-oreB. 
Kog-oree  . . 


Totiil  iron-nrfs. 


Kilogs.  Kilogt. 

395, 145,  000  '    496,  b24, 000 
2^.228,000  '      20,312,000 


417,:<73,000  .    517,136,000 


Pig    '     179.912,000 

CiiHt-iron  waroH  produced  (lirectly  at  tin*  blu»t-  ,        5,237,000 
furnace.  ! 


221, 389, 000 
5,  350, 000 


Total  caBtiroii, 


1H5, 149,  00(1  I    226, 739, 000 


15  ir.  band.  nail,  wire  Iron.  &c '     136, 932, 000  i     148, 512. 000 


UeaAenitT  metal 
()  lur  steel. 

Plate 

NalU I  I 

ImplenieuUf  and  sundries J  ' 


24, 239, 000 


4,  425,  000 
2, 9H8,  000 

5,  986, 000 
5,  957, 000 
7,  852, 000 


1870. 


1871. 


Ktlogt.       I      KUoffS. 
617,037,000     647,119,000 


13,  756, 000 


630,  703,  000 


15,769,000 


662,888,000 


293,278.000 
7,216,000  ' 


293,118,000 
5,b00,000 


300.  496,  000  ;  298, 918, 000 


193,906,000  >  187.792.000 

6.  637, 000  *8, 038, 000 

5,  550,  OilO  4. 013, 000 

5,  735, 000  6,  564, 000 

4.  787, 000  .      6. 138, 000 

10,  304,  000  14,  36  J,  000 


*  Thiannniber  doen  not  correspond  with  that  of  the  Commercial  College,  fur  tbe  prodoctlonof  Wes- 
taufurH,  SrartniiN.  and  Buchn,  for  1871,  is  not  included  in  the  latter. 
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146.  Locality  of  greatest  production. — It  is  evideot  from  tbe  foregoing 
table  that  the  greatest  prodaction  of  ore  is  in  th  e  province  of  Koppar- 
berg,  and  then  follow  Orebro,  Wermland,  and  Westnianland. 

The  largest  prodaction  of  pig-iron  is  in  Orebro.  Among  the  provinces 
rich  la  ore,  Westmanland  has  the  smallest  prodaction  of  pig-iron,  not 
only  absolately  bat  relatively  to  its  prodaction  of  ore.  This  is  owing  to 
the  fact  that  a  considerable  part  of  the  ore  obtained  from  its  largest  mine, 
Norberg,  is  taken  to  other  provinces,  as  Gefleborg,  Kopparberg,  Ostgoth- 
land,  Calmar,  West-Norrland,  and  Westerbotten,  while  the  inhabitants 
of  Westmanlatd  nse  a  great  part  of  their  abundance  of  coal  for  hearth- 
firing  the  pig-iron  obtained  from  the  provinces  Kopparberg  and  Orebro. 
Also,  in  the  provinces  of  Wermland  and  Kopjarberg,  the  manafac- 
tare  of  pigiron  is  small  in  proportion  to  the  amount  of  ore  obtained, 
since,  as  has  been  mentioned,  a  part  of  the  ore  of  these  provinces  is 
taken  to  the  blast-fornaces  in  the  provinces  of  Orebro  and  of  Kop- 
parberg, and  many  other  furnaces.  By  far  the  greatest  part  of  the 
ore  obtained  in  the  provinces  of  Upsala  and  Stockholm  is  taken  to  other 
provinces,  as  Norrland,  and  to  Ostgotbland  and  Calmar.  The  last- 
named  provinces,  which  are  poor  in  ore,  fetch  their  ore  both  from  the 
.  !Norberg,  in  the  province  of  Westmanland,  which  has  been  already  men- 
tioned, and  also  from  the  region  of  Nora,  in  the  province  Orebro,  from 
Grangesberg,  and  many  other  places  in  the  province  of  Kopparberg. 

Although  the  manufactare  of  bar-iron  is  grea  test  in  the  province  of 
Orebro,  yet  it  does  not  correspond  to  the  product  ion  of  pig  iron ;  for  a 
great  part  of  the  pig-iron  is  sold  as  such  partly  to  oth  er  provinces,  partly 
to  foreign  countries.  The  same  holds  good,  though  in  a  less  degree,  of 
the  province  of  Kopparberg,  whence  pig-iron,  for  the  puri>ose  of  con- 
version into  wrought  iron,  is  imported  into  the  provinces  of  Ostgotb- 
land, Westmanland,  West-Noirland,  Calmar,  &c.  The  production  of 
bar-iron  is  greatest  in  the  provinces  of  Wermland  and  Orebro,  and  next 
following  them  Gefleborg,  Westmanland,  and  Kopparberg. 

As  has  been  shown  above,  considerable  interchange  of  ore  and  pig- 
iron  takes  place  between  the  different  provinces.  This  is  partially  ac- 
counted for  by  the  fact  that  many  works,  in  consequence  of  lack  of  fuel 
and  other  circumstances,  can  be  carried  on  more  a  d  vantageously  in  other 
places  than  in  the  neighborhood  of  the  mine;  part  ly  also  because  some 
mines  lie  so  near  the  boundary  of  the  prov  ince  that  the  transportation 
of  the  ore  from  one  province  to  another  is  a  small  matter.  On  the  other 
hand,  the  transportation  would  be  wholly  unnecessary  if  many  works 
had  not  been  in  the  beginning  located  disadvantageously,  and,  there- 
fore, many  alterations  for  the  better  may  be  ex  pected  when  those  now 
building,  and  possibly  also  other  moans  of  communication,  shall  have 
been  completed. 

147.  Chemical  composition  of  Swedish  oees.— The  following 
tables  contain  the  results  of  analyses  of  the  principal  iron-ores  of 
Sweden;  the  locality,  name  of  the  chemist,  and  a  reference  to  the  origi- 
nal publication: 
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CHAPTER  VI. 


SPAIN,  KUSSIA,  AND  SIBERIA. 

Spanish  ikon-mines;  Arrangement  op  the  objects;  Extent  and  condition  op 

THE  iron-industry    OP    THE    RUSSIAN    EMPIRE  IN   1871;    IMPORTS  AND  EXPORTS; 

Product  op  iron-ores  and  op  cast  iron;  Iron  and  steel;  List  op  iron- 
works IN  THE    KUSSIAN    EMPIRE  ;     PRODUCTION  OF    COAL;     LiST  OF    COLLIERIES ; 

Petroleum  and  chromic  iron  ;  Other  minerals  and  metals. 

148.  Spain. — A  number  of  the  iron-mines  of  Spain  were  represented 
by  samples.  It  is  well  known  that  a  large  amount  of  money  has  been 
invested  in  Spanish  iron-mines  by  British  capitalists.  Although  it  has 
been  provided  by  legislative  authority  that  no  export  duty  shall  be  im- 
posed upon  ores  before  the  year  1881,  an  attempt  was  made  to  collect  a 
duty  of  about  25  cents  a  ton,  but  this  failed  through  the  protests  of  the 
English,  French,  and  German  governments.  A  duty  of  a*bout  13  cents 
is  exacted  by  the  municipality  of  Bilbao.  The  capacity  of  production 
and  of  export  of  Spanish  ores  is  important  to  the  iron-industry  of  the 
United  States,  especially  as  a  certain  amount  of  these  ores  are  imported 
for  the  manufacture  of  spiegel  iron. 

The  number  and  distribution  of  the  iron-mines  of  Spain,  together 
with  the  production  for  the  years  18C9  and  1870,  are  shown  in  the  follow- 
ing tabular  statement : 


Almeiia 
Badqjoa. 
Biscay  . . 
BiJ[rgo8 . . 
Cdraoba. 
G-erona.. 


GuadaliOAra. 
GuipAzco  ... 

Levu 

Logroiio 

Lnt 


aTfl 


Malaga  . 
M6rcia.. 
Kavaire . 
Oreose .. 
Oviedo . . 


Santander. 
Seville  .... 
Tarragona 

Teruel 

Toledo 


Total 


Provinces. 


1869. 


No.  of 
mines. 


Produce  in 
quintals. 


6 

87,200 

6 

24.000 

75 

1,  648. 000 

S 

3,318 

1 

4,000 

S 

2,338 

4 

4.651 

29 

184, 970 

10 

13, 950 

5 

36,330 

I 

9,443 

7 

103,860 

14 

135,500 

8 

114,  740 

1 

5,359 

56 

335,492 

36 

345,387 

6 

33,077 

3 

500 

2 

8,400 

3 

14,000 

3. 113,  405 


1870. 


No.  of 
mines. 


6 
6 
75 
3 
1 
8 


29 
10 
5 
1 
8 
14 
8 


49 
39 
6 
1 
2 
6 


Produce  in 
quintals. 


87,600 

28,000 

2, 503, 575 

7,500 

2,000 

1,962 


159,000 

9,319 

18,02i) 

10,880 

200.070 

157,  528 

77,640 


694,  525 

352,  4-iO 

32,392 

250 

11,000 

12,180 


4, 365, 870 
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149.  The  ieon-manupactures  op  Russia.— The  iron  and  steel 
display  from  Eussia  is  arranged  very  tastefully  in  the  alcoves  between 
the  high  columns  of  the  main  nave.  Upon  a  crimson-cloth  background, 
surmounted  by  a  gilded  imperial  crown,  the  manufactures  of  the  im- 
perial works,  consisting  of  sword-blades  and  other  material  of  war,  are 
skillfully  displayed,  as  if  they  were  trophies.  Parts  of  cannon,  steel  shot 
and  shell,  chain-cables,  rails,  and  bar-iron  are  grouped  at  the  base, 
together  with  huge  masses  of  the  ore.  The  display  by  Pontiloflf  is  sim- 
ilarly arranged,  but  consists  chiefly  of  steel  and  iron  rails  radially  dis- 
posed above  a  monumental  mass  of  ores.  In  Prince  Demidoff's  exhibi- 
tion the  iron-ores  are  grouped  with  polished  masses  of  malachite.  Broken 
steel  ingots,  and  copper  ingots,  also  broken  to  show  the  grain,  stand  side 
by  side.  There  is  also  a  fine  group  of  polished  iron  rods,  tied  in  knots, 
;svithout  showing  a  crack  or  flaw,  and  of  rails  twisted  into  ringlets,  to 
prove  their  extreme  toughness  and  uniformity. 

The  famous  sheet- iron  of  the  country  is  shown  in  sheets  of  all  sizes  and 
degrees  of  thickness,  and  specimens  the  size  of  visiting-cards  have  been 
freely  distributed.  Among  the  more  instructive  and  novel  parts  of  the 
collections  are  models  of  iron-works  showing  the  roofs  supported  upon 
a  series  of  semicircular  iron  arches  springing  from  the  level  of  (he  floor ; 
a  series  of  drawings  of  Bachette's  furnaces,  and  maps  showing  the  extent 
of  the  mineral  industries  of  the  empire.  The  iron-metallurgists  of  Eus- 
sia are  not  behind  those  of  Europe  in  the  introduction  of  new  and 
improved  methods.  Great  advances  have  been  made  in  the  production 
of  cast  steel  on  a  large  scale,  and  in  the  manufacture  of  steel  guns  of 
large  caliber,  several  of  which  are  exhibited  from  the  works  of  Oboukofi:'. 
The  largest  is  a  12-inch  rifled  breech-loader,  weighing  81,000  pounds. 
There  are  fine  groups  of  railway  tires,  axles,  and  other  railroad-material, 
from  the  same  establishment.  Eachette's  system  of  furnaces  is  ex- 
tensively used,  and  is  said  to  give  remarkable  results.  The  Bessemer 
and  Siemens-Martin  processes,  for  the  production  of  steel,  are  successfully 
introduced. 

149.  Statistics, — An  interesting  risumi^  by  the  mining  engineer 
Skalkovsky,  of  the  mining-industry  of  Eussia,  with  statistical  tables  of 
the  production  of  iron  and  other  metals,  was  distributed  by  the  Enssian 
commission,*  and  is  the  source  of  the  following  data  and  general  obser- 
vations. The  iron-industry  was  diminishing.  In  1870  there  were  1,283 
works  in  operation,  and  1,174  in  1871.  Of  steel,  536,086  pounds  were 
produced  in  1870,  and  442,241  in  1871.  The  production  of  cast  iron  was 
slightly  greater  in  1871  than  in  1870,  as  shown  in  the  following  table, 
giving  a  general  view  of  the  extent  and  condition  of  the  iron-industry 
of  Eussia  in  1870  and  1871  : 

1870.  1871. 

Cast  iron,  (ponds  t) 21,959,326    22,004,518 

Wrought  iron,  (ponds) 15, 217, 908    14, 958, 597 

*  Tahleauz  statistiques  de  VIndustrie  des  Mines  en  Bussie  en  1871,  par  C,  Skalkovsky, 
Ing^ieur  des  Mines,    St.  Petersburg,  1873.    8vo.,  pamphlet,  pp.  40. 
t  The  Russian  pond  is  equivalent  to  16.3808  kilograms. 
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Steel,  (pouds) 

Iron  and  steel  works,  (namber) 

High  famaces,  (namber) 

Puddling  farnaces,  (number) 

Eefinlng-furnaces,  (number) 

Forges,  (number) 

Steel-furnaces,  (number) 

The  imports  and  exports  of  iron  and  steel  in  1872  were  as  follows : 


1870. 

1871. 

536, 086 

442, 241 

214 

214 

245 

222 

445 

431 

692 

667 

924 

818 

495 

372 

Cast  iron 

Wrought  iron 
Steel 


Imports,  ponds. 

Exports,  ponds. 

Europe. 

Asia. 

Earope.          Asia. 

2.923.305 

14,947 
26*2,  714 

13,  890, 817 
812,355 

5 
4,211 

46,  oe4 
4,853 

A  full  list  is  given  of  the  iron- works  of  the  empire,  with  their  produc- 
tion for  the  year  1871.  The  two  following  tabular  statements  are  con- 
densed from  thQ  list: 


Table  of  production  of  iron^ore  and  of  cast  iron  in  ths  Eussian  Empire  in  1871,  (in  pouds.) 

[One  Rassian  pond  =  16. 3808  kilograms.] 


ad 

o 


'A 


19 

2 

55 

26 

1 

8 

2 

3 

31 

15 


Establishments. 


Pertaining  to  the  crown 

Cabinet  of  His  Imperial  Majesty 

Private  works,  Ural 

Privat*  works  abont  Moscow 

Private  works,  Caacasns 

Private  works,  western  and  southem  provinces 

Private  works,  Siberia 

Crown  works,  kingdom  of  Poland 

Private  works,  kinedom  of  Poland 

Pri  vate  works,  Finland 

Grand  totals 


Ores  ex- 
tracted. 


Ore  and 

slag 
smelted. 


Cast  iron. 


Pig-iron. 


4. 216, 

142. 

27,  094, 

8,381, 

53, 

1,370, 

538, 

1,058, 

5,444, 

2.522, 


593 
300 
488 
938 
671 
512 
903 
115 
397 
751 


5, 055, 9.54 

161, 720 

25,  287,  043 

7, 147,  71J 
69,862 

1, 373,  587 
538,  903 
593,  470 

5, 261,  453 

3,  077,  449 


50, 823,  668 


48,  567, 152 


2, 120, 121 

50,661 

11,181,017 

2, 309,  725 

6,180 

323,729 

274,  581 

177,  863 

1, 178,  576 

1, 230, 181 


Yarioas 
objects. 


150, 370 

11, 051 

1,  807,  436 

855,238 
10,803 
22.34ft 
30,888 
26,630 

235,  111 


18,854,634  i   3,149,875 


->/— 


22, 004, 509 


13 

2 

98 

19 

1 

2 

13 

4 

36 

S5 


TaUe  of  production  of  iron  and  steel  in  the  Bussian  Empire  in  1871;  {in  pouds.) 

[One  Russian  pond  ==  16. 3808  kilograms.  ] 


Establishments. 


Crown  works 

Cabinet  of  His  Imperial  Majesty 

Private  works,  Ural 

Private  works  abont  Moscow 

Private  works,  Caacasns 

Private  works,  Siberia 

Works  not  nnder  the  mining  administration 

Crown  works,  Poland 

Private  works,  Poland 

Private  works,  Finland 

Total 


Bar-iron. 


585,385 

17, 108 

5, 254, 076 

1, 650,  864 

1,217 

12,1,  381 

2,  648,  818 

129, 960 

890, 524 

658,289 


11, 959, 682 


Sheet-iron. 


139,529 

1,220 

2,  456, 192 

106,  Oil 


16,932 

228,198 

1,0.55 

48, 278 

1,560 


2, 998, 975 


Steel. 


112, 070 

251 

70,  975 


616 
193,  704 


64,625 


442,  241 


14  I 
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The  Eussiau  MiniQi?  Journal,  1872,  presents  a  statement  of  the  pro- 
duction of  cast  and  wrought  iron  in  the  Ural  distrUt  for  each  successive 
ten  years,  commencing  from  1797,  as  follows  :  ♦ 


Period. 


Cast  iron. 


1797-1807 
1807-1817 
1817-1&27 
1827-I8:n 
1837-1847 
1847-1857 
1857-1867 


Ponds. 


6,  435, 342 
6, 307, 108 
6. 836. 560 

7,  549, 167 

8,  413.  758 
9, 923,  467 

Vi,  480, 827 


Tons. 


103,  794 
101,  743 
110, 26S 
121.  760 
136,  028 
160,055 
201,303 


Wroaght  iron. 


Pouds. 


Tons. 


3. 8-20, 067 
3.  99.%  144 
4, 568. 263 
4. 987, 351 
5, 830,  761 
7,  046. 205 
8, 021, 561 


61, 613 
64, 405 
73,681 
80,441 
94, 044 
113,648 
129,380 


150.  Iron- WORKS  in  the  Eussian  Empire.— The  following  is  a  list 
of  the  imperial,  royal,  and  private  iron-works  in  the  Eussian  Empire, 
with  their  production  of  iron  and  steel  in  the  year  1871 :  t 

Production  of  iron-ore  and  of  cast  iron. 


Works. 


Iron-ore 
mined. 


Production  of  cast  iron. 


Iron  ore 
and  slaj; 
smelted. 


A.— Crown  toarks. 


1.  Kameusky , 

2.  Zlatooustofsky 

3.  Satkinsky 

4.  Koucinsky 

5.  Eoucbvinskv , 

6.  Barantchinsky 

7.  Verkhnifi-Tourinsky , 

8.  Peskovsky 

9.  Licitchansky 

10.  Kontchosersky 

11.  Sou6iarv8ky 

12.  Yalazminsky 


Total 


B.^  Works  pertaining  to  the  cabinet  of  the 
Emperor. 


13.  Gouri^vsky 

14.  Pfitrorsky.. 


Total 


C— Private  work,  Ural 


15. 
Id. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
« 

t 


Xigeni^  Saldinsky 

Nigeni^-Taghilsky 

Yerkhni^-Saldinsky 

Vicimo-Cbaitansky 

Verkh-Isetsky 

B6Jevskoi 

Yerkhni6neivinsky 

Keivinskorondiansky 

Verkhni6Taffbilsky 

Ootkin8k}%  (Jakovlev) 

N61V0  Alapaievsky 

N6ivo  Chaitansky 

Verkhni6-Siniatcnikhinsky 

K6  V  ian  sky 

P6trokam  en  sky 

Nigeni^-Serghinaky 

Yerkhui^-Serghinsky 

Kychtymsky 

Kaslinsky 

Nias^p^ifovsky 

Syoertsky 

Sleversky 

Molebsk'y 

Ontkinsky,  (Souksonnsky) 

Cited  in  Jour.  Iron  and  Steel  Institute,  by  David 
From  Skalkov.^ky's  Tableaux  sfatibtiques,  at  the 


Poudg. 
562,500 
259,  865 
400, 000 
350,000 

2,  039. 345 

480, 521 
23,543 


100, 819 


4, 216,  .'>93 


42, 3no 
100,000 


142,300 


Poxidi. 

512, 598 

252,268 

648,002 

420,011 

1,012,235 

585,891 

291,295 

869,850 

94, 374 

75,297 

164, 775 

129,358 


Pig-iron. 


Poude. 

162,335 

109, 798 

305, 959 

151, 259 

531, 106 

325, 342 

158, 787 

240,278 

30,  972 

21.386 

42,905 

39,894 


5, 055, 954 


2, 120, 121 


Various 
objects. 


PotidM, 

49. 814 

6,655 

5,763 

21,218 

19,933 

17, 712 

1,705 

23,528 


66 

3,816 

169 


150,379 


47, 770 
11:),  950 


161,720 


4. 565, 327 

184,850 
180,  972 
10,000 
205,000 
128, 215 
140,000 

1, 053,  458 
378,262 
558,764 
799, 981 
260,941 
475,  894 
526,250 
821, 508 
463, 224 
544, 970 

1,  436, 570 
517, 000 
279,  722 
410, 160 


19,117 
31,544 


50.661 


27, 633  13, 428 

1,  471, 628  806, 064 

1, 256, 023  691, 076 

521,  826  321,  536 

348, 629  173,  968 

480,  352  261, 408 

131, 389  65,  571 

404. 809  215, 190 

518,811  260,878 

321, 794  119,  756 

1,  055, 458  477, 333 

378, 262  186, 323 

558,  764  248, 739 

575.  934  26.5, 086 

244,566  !  104,946 

382,  760  148, 231 

297,683  116. 5M 

597.  449  264, 237 

3.38, 270  167,  750 

303.386  120.011 

1, 087. 204  522, 005 

493,  851  200, 654 

245. 277  105, 370 

463,  906  208, 257 

Forbes,  F.  R.  S.,&c.    I, 
Vienna  Exhibition. 


1,724 

9,317 


11,051 


3,853 

163.604 

117. 142 

22,281 

31, 548 

27,550 

8,874 
31,891 
46.866 
66,614 
37, 917 
23,947 
13,492 
43,699 
24,  997 
22.480 

8,843 
52,000 
13,091 
40,252 
40.599 
59,  473 
15. 818 
23,712 

1373,  p. 221 . 
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Produclhn  of  iron-ore  and  of  cast  Iron— Continued. 


Workp. 


C.—Prioate  work,  CTral— Continued. 

39.  Kevdiosky 

40.  ChaXtansky 

41.  Nif^Di^-Irghinsky 

42.  Vci6 volodovilvensky 

43.  AlexandroTRky 

44.  Tcherraosky 

45.  Kiselovsky ." 

46.  Arghancelo-Pachylsky,  (1870) 

47.  Kouoi6-AIexandror8ky.  (1870) 

48.  Kjnovskoi 

49.  Bilimbai'evsky 

50.  KonviD sky,  (1870) 

51.  Lysvensky 

52.  Bioerakv 

53.  Verkhni6-Oufal6isky 

54.  Nigeui6-()afal6i8ky 

55.  Joumsanaky 

56.  Katav-IvanoTsky 

57.  Slmsky 

,  5>i.  NicoU6vsky 

59.  Bi61oret8ky 

60.  Tirlanaky 

61.  Verkhoi6-Avaianop(6troT8ky 

62.  Omontninsky 

63.  Verkhnl^-Zalaznineky 

64.  ZalasDinsko-Bi^Ioretoky 

6.1.  Klimkovskn-Borovakoi 

66.  Tchernokholoanitaky 

67.  Choarmonikolsky 

68.  NioatfOhpaaky 

"69.  Niouvchimaky 

Total 

"D.—Private  -works  around  Moteow. 

70.  Vykaonnaky 

71.  Snovedaky 

73.  OaugenaWy 

73.  Goiici6vaky 

74.  Verkhni^-OaDgenaky 

75.  Ilevakoi 

76.  T&chinaky 

77.  Karatcharovaky 

78.  Merdonchinaky 

79.  Dougnenaky 

80.  £6cetinaky 

8 1.  S^Detsko-lvanovak  y , 

82.  LiondinoTsky 

83.  Soukremenaky ;.... 

84.  Ivano-Serghievaky 

85.  Peaeotcbinaky,  (de  Maltzof) 

Sa.  Peaaotchinaky,  (de  Eri vorotof) , 

87.  Tcb^r^petAky 

88.  Bogdano-P6trov8ky 

89.  Mycbegaky 

90.  Cyntoalaky 

91.  latinako-Zalipiageaky 

92.  Bytochevaky 

93.  A vgarakv 

94.  Donbenalcy 

95.  i^Sentouraky 

ToUl 

1£.— Private  works,  Caucasus. 

96.  Tcbatakbsky 

F.— Private  works,  western  and  central 
provinces. 

97.  5^i6t  de  la  Nouvelle  Buasie 

98.  Kletiabtcbenaky 

99.  Kondnia 

100.  I>6D6cboT8ky 

101.  A  lexandra 

102.  Vyadkaia  Petcbe 

103.  Goutka 

104.  Dana  de  pet  usinea 

Total 


Production  of  caat  iron. 

Iron-ore 
mined. 

Iron  ore 
aiul  alnj; 
amelted. 

Pig-iron. 

Yarioaa 
olyecta. 

Pouds. 

Pouds. 

Pouds. 

Pouds. 

676,036 

676,  036 

349.  403 

33, 101 

320,227 

330. 237 

130, 138 

39,613 

186.937 

150.891 

40. 616 

13,  463 

351. 115 

326,776 

70.568 

363,400 

308,303 

62,  646 

7.377 

j         735,268 

C         350,993 
1 1         609,  949 

108,380 
390,960 

31.310 
33,010 

668,998 

616,  797 

211,705 

69, 314 

443,303 

490,735 

178, 121 

38,036 

2-29, 735 

435,609 

l.'52,733 

44.  057 

804,554 

934,  343 

331. 163 

88.256 

495,960 

744.  856 

291. 319 

24.373 

359,902 

376.  956 

98.  461 

14.  975 

2<»2,9e6 

336,994 

93.  937 

7,337 

713,008 

544, 533 

269,  C97 

23,825 

661, 615 

574,  533 

233.249 

55,  J  43 

523,000 

478,  404 

253,207 

38,749 

1,  026,  490 

847,  632 

437,  530 

83,163 

1         747, 334 

C         460, 535 
\         209.568 

204,730 

56,333 

69.318 

49,420 

1         499, 110 

C         380.735 
i         186, 673 

146,  607 

34.  705 

105. 649 

10, 167 

560,000 

546,634 

336,373 

33,  774 

1, 195,  097 

1, 073, 116 

325,997 

39.786 

350,383 

136,343 

37. 681 

6,  379 

160.  954 

30,633 

634, 100 

557,  453 

175, 144 

34,  379 

405,  772 

443,689 

143, 573 

13,  790 

31,163 

73,448 

50,515 

13,944 

1.060 

36,490 

37,  643 

5,935 

3,  031 

37, 094, 488 

35, 387, 043 

11, 181, 017 

1. 807,  436 

1     1,14.'5,765 

C         790, 718 
I         669, 653 

338, 842 
365,  713 

13, 999 

51,100 

65,676 

23,543 

339,853 

373,  990 

93,719 

13,  074 

140,000 

136,085 

54,173 

3,485 

863.800 

809,085 

383,816 

34, 155 

313, 019 

334,  811 

153.506 

4,048 

390,000 

387.936 

178,106 

6.663 

395,000 

335,033 

88,030 

7,345 

313.315 

195,  813 

56,942 

51,830 

190, 819 

105,  819 

21,929 

13,403 

268,294 

177,396 

37,493 

33,057 

1     3,425,000 

736,693 

160,705 

172,229 

350,000 

347, 169 

80,826 

13,173 

432,128 

403,175 

77,380 

96,434 

232,035 

193, 998 

28,161 

62, 375 

145,956 

144, 313 

44,573 

40.486 

107, 900 

105,  708 

27,942 

23,332 

378,000 

336,268 

47,025 

108,935 

350,000 

351, 178 

46, 915 

46, 765 

125,000 

•  109, 163 

33,966 

14,  478 

172,383 

161, 331 

26,472 

32,927 

10.500 

155,072 

340,  675 

43,686 

75,547 

100,000 

31,139 

10.263 

700 

8.  381, 938 

7, 147, 711 

2.309,725 

855,238 

53,671 

69.  862 

8,180 

10,  803 

163, 289 

163,389 

34,472 

1        619, 700 

(         494, 100 

\         135. 600 

(?)14,000 

13t),099 
35,380 

4,080 

12.000 

10.000 

5,975 

450,673 

450,673 

88.398 

5,600 

6,675 

3,600 

2,553 

111,200 

111,300 

30.300 

8,000 

8,050 

8,050 

3,780 

1,740 

1,  370.  512 

1, 373,  587 

.323,729 

23,348 
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Production  of  iron-ore  and  of  oaatiron — Continaed. 


Works. 


G.— Private  works,  Siberia. 


10.5.  Abakansky  .. 
106.  yikolai'^veky. 


Total 


B..— Works  o/  the  crown,  kingdom  of  Poland. 


107.  BaDkovsky. 

108.  Pankovsky. 

109.  R6ief8ky... 


Total 


J.— Private  uforks,  kingdom  of  Poland. 


110. 
111. 
113. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
123. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
133. 
133. 
134. 
135. 
136. 
137. 
138. 
1»9. 
140. 


Ostrovetzky 

Strakovitzky 

Falkovsky 

Khmelevsky 

Bodeekovsky 

Drzevitzky 

Przisonk  sky 

Bialatchevsky 

Koritkovsky 

Malenetzky 

Makboraksky 

Bzoazovsky 

Blizinsky 

Ninkovsky 

Khlevissky 

Neclan  sky 

Borkovi  tzky 

Konsky 

Krasniensky 

Chtchezinskv 

Fidor ' 

Okrad  z^nov 

Poremba  Mziglozka 

"M  aslou  sk 

Miatobey 

BUakhovnia 

Staraia  Kousnitza 

Inovledz 

Przistan 

Goiistek 

Mines  of  Y^lane  and  Bendine,  (1870) 


Total 


K.— Private  teorks,  Finland. 


141.  Tik6 

142.  Koskis 

143.  Dais 

144.  Hegfors 

145.  Skegbi 

146.  Sonmbonla  . . . . 

147.  Vert8il6 

148.  Mekbk6 

149.  Stremsdal 

150.  Lonpikko 

151.  Kartula 

153.  Irkakoski 

153.  Ekatfirinensky 

154.  HaApakosky... 

155.  Oravi 


Iron-ore 
mined. 


Poude. 
.3:«,  571 
200,332 


538,903 


284,220 
112,885 
661, 010 


1. 058, 115 


450,000 

800,000 

111,250 

200,000 

160.000 

308, 900 

166,375 

45,687 

146,000 

202,718 

152,857 

175,600 

93. 940 

133,500 

592,286 

177,862 

203,550 

382,  935 

40,600 

98,550 

53,000 


14,400 


9,000 

151,  810 

204,  979 

80,000 

76,250 


212,  347 


5.  444, 397 


Iron-ore 

and  slag 

smelted. 


Prodaction  of  cast  iron. 


Pig-iron. 


Poxide. 
338, 571 
280, 33i 


Poudg. 
167.132 
107, 449 


538,903 


274,  581 


291,217 
99.397  I 
202,860  ; 


97,369 
32,638 
47,856 


593, 470 


177,86} 


453,634 

500,000 

111,250 

150,000 

155,000 

302,840 

153,125 

136,862 

146,000 

329,161 

152, 521 

162,700 

82,208 

133,500 

700,936 

331,962 

196.  800 

346,a')0  I 

90,600  I 

72,750 

53,000 

? 

? 


(?)21,  000 

218,  3»3 

204,  979 

76,000 

76,650 

102,  732 


130,000 
140, 141 
20,300 
30,000 
40,000 
25,605 
37,125 
22, 075 
29,200 
41,  615 
35,590 
38,520 
7,002 
28,000 
158, 144 
66,747 
42,165 
95, 712 
11,754 
11,250 
21,750 
45.000 
38.551  I 


Various 
objects. 


5, 261, 453 


20,000 
330 

5.000 
21,000 

6,000 
20,000 


1, 178,  576 


Total 

Grand  total 

G I  and  total  of  cast  iron . 


^    2, 522, 751 


2. 522, 751 


50,823,668 


325,565 

130,332 

357,565 

63,999 

70,  467 

30,904 

434.  980 

382.236 

167,  762 

375, 928 

215, 238 

51,095 

146, 244 

218,  452 

238,693 


3, 077,  449 


114,592 
49,920 

181,637 

19,050 

27.483 

7.150 

163,  605 

146.006 
53,206 

137,355 
66.643 
21, 247 
50.669 
87.450 

105, 178 


1, 230, 161 


48,  567, 152 


18,  854, 634 


Poude. 
83,68a 
8.195 


30,838 


5,105 
11,351 
10, 174 


36,630 


5,000 
9,963 
3,835 

15,000 
3,500 

30,125 


10, 517 


13,550 


5,697 
3,131 


2,104 
6,070 
8,562 


53,&33 
35,000 


35,375 


835,111 


3, 149,  884 


22, 004, 518 
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Production  of  iron,  and  of  steel. 


"Works. 


§3 


A. — Oroxon  works. 


1.  Nigenifi-IcetsVv 

2.  Zlatooust  Kuiflis^-Mikbailovsky. 

3.  Kouolnaky 

4.  SatkiDAky 

5.  ArtinBky 

6.  Nigeni^-ToariDsky 

7.  S4r6briaDsky 

8.  Permsky  stalepoacfaetchny 

9.  Votklnsky *. 

10.  Kamsky 

11.  KirsiDflky 

12.  LoaganHky 

13.  Alexandrorsky 


PoudM. 
67,703 
11,423 
13,567 


41,328 
51.  479 
79. 324 


Total. 


157, 946 

111,  393 

134,  705 

14,469 

2,048 


B.-^Worka  pertaining  to  the  cabinet  of  the  Emperor. 


15.  Gonrievsky. 

16.  P^trovsky'.. 


Total 


.•v85,385 


8,643 

8,465 


17, 108 


C— Private  worTa,  Ural 


17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
92. 
53. 
54. 
55. 
56. 
57. 
58. 
50. 
<60. 
61. 
62. 

e3. 

€4. 
«5. 


Nigeni^-Taghilaky 

Laisky 

y  igeni^-SaMinsky 

Verkhni6-Saldin8ky 

VicimdoatkiDsky 

Yisimochaitanaky 

TschorDdistot-ohinsky 

Yerkhni^-Isetsky 

R6jevako'i 

Verkhni^-Nfimnaky 

NI(peny-VerkhDl6-N6ivin8ky. 

N6iviiiako-RoodiaD8ky 

Kigeuy-Rondianaky 

Moiebakoi 

Chonralinaky 

YerkbDi6-Taghil8ky 

Vogoulaky 

OatKinaky 

Scbaitansky 

Sylvenaky 

Sarjs^hina^y 

N6i  vo-  Alana'ievaky 

yerkbiii6-Siniatchikbinsky. . 

KM'vo-Ghaitauskv 

Irbitaky '. 

N6  vian  sky 

P^trokamenaky 

Nigeni^-Sergbinsky 

VerkbDi6-Sergbinsky 

Eosinaky 

Atigsky 

Mikha'ilovaky 

Kycbtymaky 

Kaslinaky 

Nlas6p6trovaky 

Chemakhinaky 

Sycertaky  . . .' 

Iliinaky 

PolevsKoy 

Verkh-Syccrtaky 

Slfivoraky 

Sonksonnaky 

Tiasovakx' 

KamVaraky 

Ontkinaky 

Molebaky ^ 

Revdinalcy .T , 

Blaaertsky 

Rojestyeosky 


448, 292 

218, 427 

34,282 

2,930 

16,485 

291 

201 


337 


3,501 
1,696 

232,503 

824 

18 

126,  447 

134,927 

48,625 

116, 244 

395 

268 

195, 182 

219, 485 

15,622 

10, 426 

12,826 

271, 744 

57,425 

166,462 

39,288 

28,566 

2.3,104 

18, 093 

41,  043 

3,749 

177,386 

125,  457 

47,337  I 


CO 


Pouds. 
12,852 


33,835 


4,7&3 
71,560 

5,402 
11, 117 


139,  529 


1,220 


1,220 


Si 


Poudi. 


44. 778 

1,417 

459 


254, 934 
915 


262.855 
102, 034 
219,367 

131, 618 


64, 440 
976 


112, 070 


251 


25L 


15,  552 
11,  956 


5,601 


......  ...... 

.......... 

2,350 

156. 678 

226, 441 

45, 213 

112,207 

42,790 

17 
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Production  of  trow,  and  of  steel — Continued. 


Works. 


C— Private  workg,  ITiral— Continued. 


66. 

67. 

08. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

83. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 


Chaitanskj 

Irghinsky 

Saraninsky 

Xnaonfsky 

Pojevsko'i 

£li8aT6to-PojevBkoi 

Vsi6  volodovuvensky 

Alexandrovsky 

Nlkitinsky 

TcbermoBky 

Ki861ov8kv 

PolazninsKy 

Khokhlovsky 

Kynovskoi 

Bilimbaievsky 

Dobriansky 

Sophyiaky 

Nytvensky 

Otcheraky,  (1870) 

Pavlovsky,  (1870) 

Lysyenaky  

Bicersky , 

Konai^-AlexandroTsky,  (1870) , 
Archangelo-Pachiyaky,  (1870). 

Jongokamsky,  (1870) 

Verkhni6.0afal6i8ky 

Nigeni6-Oafal6i8ky 

Jonmzanaky , 

Minaky , 

KatAf-Iyanovaky 

Onat-Eatafaky 

Simaky 

Minlaraky , 

Bi61oretaky 

Tirlianaky 

Yerkhni6-Avaianop6trovaky. . 

Nieenl6- Ayatanop6troTBky 

Ki^imaky 

Nloatcbpaaky , 

Nionvtcnimaky 

Omoutninaky 

Poudemakoi 

Zalasninaky 

Nigeni^-Zaiazninaky 

S^bolounitaky , 

Bogorodaky 

TcSernokholounitaky ........ 

Choarminaky 

BoQiaky , 


Total. 


D.— Private  toorks  around  Moscow. 


115. 
116. 
117. 
118. 
119. 
120. 
131. 
122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
132. 
133. 
134. 


Gooaievakoi 

Yykaoanaky 

Snovedaky 

Yerkhni^g^lieznitaky . 

Y61etmiBBky . .  .• 

DoBchato-G^Iieznitaky 

J6r6mcbinaky 

HerdoucbinaKy 

KaratcharovaKy 

Jlevaky. 


YoKn6cenaky 

Tacbinaky 

LiondinoTaky 

Soukremenaky 

Irano-Sergbie  vaky 

Peaaotcbinaky,  (oi  M.  Maltzof) . 

S6renaky 

latin  tko-ZaHpiageaky 

P6trov8ky 

Sentonriaky 


Total 


.2 


Poude. 

58,583 

46, 013 

19.401 

5,942 

1,625 


1,115 
4,731 


} 


45,745 

107, 409 

38,761 

28,077 

4,496 


183, 749 
15,461 


195,738 

33,391 

2,136 

43,809 

67,138 

10,225 

215, 765 

140, 440 

1,173 

250,771 

108, 017 

40,303 

160,962 

144,620 

58,645 

84,983 

81,281 

136 

701 

5,837 

117, 137 

2,048 

25,258 

23,347 

I     128, 875 

3,396 
16, 156 
35,492 


5,254.076 


I 


69,567 

302,421 

24,005 

109,307 

140, 810 

30,294 

24,278 

55,950 

133,655 

253,550 

80,090 

279,581 

71,786 
8,774 

23,051 

10,977 
8,^8 

24,500 

1.  650,  864 


-I 

Cfi 


Pouds. 
7,340 


74,150 
56,600 


142,360 
148,  541 


70, 152 


212,278 


517 


23,206 
"*2,'949* 


28,111 
33,935 


99,134 


2. 456, 192 


8,799 


38,280 


57,595 
1,337 


196,  Oil 


eel 

si 

il 

GO 


Pouds. 


10.019 
1.232 

11,986 
4.239 
3,808 


169 


70,975 
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Production  of  trow,  and  of  steel—  Continued. 


Works. 


B.^Private  loork*,  Cauctuta. 


135.  TchaUkhsky 


T.— Private  workt,  Siberia. 


13fi.  Abakacsky 

137.  Nicolaievsky 

Total 

G.— Works  not  under  the  jurisdiction  of  the  administration  of  mines. 


13a  Ilorsky  de  TAmirautd 

139.  Obonkbovsk^  de  TAmiraat^ 

140.  IjeYsky  (MinlBtre  de  la  Gaexre) . . . , 

141.  Nevsky , 

142.  Arkadia 

14a  DcM.Pontilof 

144.  Grande  0oci6t6  des  chemins  de  fer 

145.  Sormovsky , 


146.  Nicolsky 

147.  Be  M.  G.  Roukarichnikof 
14a  De  Th.  S.  Piatof 

149.  Kleticbtohensky 

150.  Alexandra 

151.  Small  eetablishments 


Total 

H.—  Works  of  the  crown,  kingdom  nf  Piifjand. 


153.  Sonkbodnief. 

153.  Selpia 

154.  Bankovsky.. 

155.  Slavkof 


Total. 


I.— Prtmite  irorte,  kxngdxfok  of  Poland. 


56.  Oatrovetzky  . . . 

57.  StrakboTitzky 
5a  Palkoveky..... 

59.  BodxekbovskY. 

60.  iUdostovsky.'.. 
6L  Prziaooksky . . . 
63.  BialacbevBky... 

63.  Malenetzy 

64.  Hakhoraksky  . 

65.  BsouzoTsky  ... 

66.  BlWinskv 

67.  Kbleviafey 

6a  Neklansky.... 

69.  Borkovitzki . . . 

70.  Konsky 

71.  Fidor , 

79.  Kraaneneky... 
7a  Tcbeainsky  .... 

74.  Boncbenitzky . 

75.  Vinek 

76.  Miatcbef 

77.  Cbronztovnky . 
7a  Klutcbevsky  .. 

79.  DrseritBky.... 

80.  Sloopia 

81.  Dankof 

8SL  BeroKovsky.... 
8a  Homer 

84.  Irena 

85.  Masanovsky . . . 

86.  Smongy 

87.  Jus^an 

8a  Lassky 

89.  Selnitza 


Poi^df. 
1,217 


73,945 
50,436 


133,381 


18, 481 


41,508 
131,015 

1, 399, 019 

696,873 

127,731 

39,055 


117, 987 

71. 715 

5,434 


3, 648, 818 


1,740 
74,509 
o3,»3 

488 


139,  960 


3,000 

175,056 

38,957 

35,000 

760 

83,200 

13,133 

33,333 

3,000 

28,340 

5,069 

144, 774 

7,381 

3,350 

10, 570 

6,350 

53,830 

5,405 

3,000 

16,000 

3,500 

5.014 

7,000 

1,763 

5,000 

1,300 

3,130 

aooo 

136,000 

30,000 

5,750 

5,700 

10,550 

950 


g.5 


cS 


Pouds. 


13,834 
4,698 


16,933 


33,508 


160,500 


7.793 
37,297 


338,198 


1,055 


1,055 


3,750 


30 
i5,*500' 


13,560 


3,366 


1,553 


u 

a 


*$  a 

CO 


Pouds. 


380 
336 


616 


143,360 
5,735 


30,500 
85,10a 


193, 704 
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Production  of  irotij  and  of  8  feel — Cod  tinned. 


Works. 


l.—Pricate  works,  kingdom  of  Poland — Continued. 


190.  Eonezpol... 
lUl.  Kembelidz6 


Total. 


J. — Private  works,  Finland. 


192. 
193. 
194. 
195. 
196. 
197. 

19a 

199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 
213. 
214. 
215. 
216. 


Matildadal 

Dalsbrouk 

Hesfors 

Fiskars 

Stremsdal 

Vert8il6 

Ekaterinensky 
Friddrixfors  . .. 

Kiriakkala 

Jokkis 

Vi6rou 

Kim6 


Orisborg. 
Biin^s... 


Faghervik. 
Mari^fors.. 
Svert6 


Kantooa.. 
Stremfors 
Norrmark 
N686 


Irkekoski 
Varkaous 
Oravl 


In  Catalan  forges. 


Total. 


Grand  total 

Grand  total  of  bar,  rod,  and  sheet  iron. 


gs 

M 


Pouds. 
1,586 
6.010 


890,524 


39. 
94, 
14. 
87, 
39, 
109, 
73, 
17, 
14, 

7, 

8, 
12, 

9. 
13, 
10, 
14. 
20, 

7. 
10, 

6. 
1, 

7. 

3, 


34.7 


232 
409 
563 
464 
187 
849 
288 
035 
551 
177 
533 
756 
407 
078 
951 
705 
466 
023 
439 
767 
132 
273 
544 
733 
727 


658,289 


S  a 


Pouds. 
12,120 


48,278 


s 
15 


i 


Pouds, 


1,560 


1,560 


11, 959, 622      3, 998, 975 


14, 958, 597 


64,  625 


64,6S5 


442,241 


There  is  a  large  consumption  of  iron  and  copper  in  the  manufactures 
of  Russia,  notably  in  the  manufacture  of  artillery-arms,  machinery,  and 
iron  vessels,  but  the  statistics  of  these  manufactures  are  acknowl- 
edged to  be  very  imperfect,  inasmuch  as  some  one  hundred  and 
fifty  establishments  for  working  iron  do  not  report  to  the  government 
mining  department.  And  the  working  of  iron  to  a  great  extent  is  not 
confined  wholly  to  large  establishments ;  there  are  entire  districts  where 
the  peasants  are  exclusively  occupied  in  working  iron  during  the  win- 
ter. For  these  reasons  the  following  figures  represent  only  a  small  part 
of  the  extent  of  metal-work  in  Russia  in  the  year  1871 : 

Ponds. 

Steel  cannon 15, 682 

Apparatus 20, 493 

46, 175 

Cast-iron  cannon 51, 485 

Munitions  of  artillery 405, 831 

Iron  boats 7, 868 
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Cast-iron  work :  Poads. 

In  cupolas 1,306,110 

In  rcverberatory  furnaces 584, 169 


Locomotives 

Iron-work    

Copper  and  steel  work 


1, 890, 279 

3,596 

850,831 

36,813 

Pieces. 

Copper  and  steel  work . , 287, 440 

Side-arms , 40, 708 

Arm-apparatus 30, 326 

Scythes 33,750 

51.  Production  of  coal  in  Russia. — The  production  and  distribu- 
tion of  mineral  coal,  petroleum,  and  salt  in  Russia  are  shown  by  the  an- 
nexed tabular  list  of  collieries,  &c.,  which  lists  are  important  in  connec- 
tion with  the  foregoing  lists  of  iron- works : 

Collieries  in  Russia. 


Name  and  location. 


A. — Moscow  coal-bcuin. 


1. 
3. 
3. 
4. 
5. 
6. 
7. 
9. 
9. 


Malevsky 

Tovarkovaky . 
Novoselebny  .. 
Jacenetaky'.... 

Slaviansky 

Zelenensky 

Monraevinsky . 
Tchoalkovsky 
Paveletzky . . . 


Total. 


^.—Elisabet(prad  boHn. 


10. 
11. 


£kat6rinopolsky 
I^oarovsky 


Total. 


C.—Danetz  coal-basin. 
(a)  Territory  of  the  Coasacks  of  tho  Don. 


13. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


OrouchevBky 

Bolche-Nee  vitaisky 

YlassoYsky 

Byghinsky , 

Bam  b6  tor. 

B6restovsky 

Territories  of  Tcherkask,  Donetz,  and  of  the  Don. 
Private  collieriea.    Arrondissement  de  Mioass . . . . 


30. 


21. 
83. 
23. 


(b)  In  the  government  of  Ekaterinoalaf. 

MINES  OF  THE  CROWN. 

Licitchansky 

PRIVATE  VINES. 

Fint  district. 

Nikitovfiky,  (M.  Poliakoff) 

Volyntzevsky 

AlezandrovBKy .' 


Coal. 


Pouds. 
1, 316,  839 

760,560 
1, 300, 000 

300.000 
5,000 

150.000 
1, 145, 000 
3, 000, 000 
1,800,000 


8,  677,  399 


500,761 


365.000 

7,217 

530,181 


Anthraoite. 


Bituminous, 
shale,  and 
lignite. 


Pouds. 


10, 603, 467 
35, 757 

478, 371 

876,839 
3, 115, 631 


Pouds. 


300,  MO 
700, 000 


1,000.000 


218 


VIENNA   INTERNATIONAL   EXHIBITION,    1873, 


CoUierief  in  Russia— Continued, 


Name  and  location. 


Private  minet^Jlnt  digtrict— Continued. 

24.  Soci6t.de  la  Noavelle  Kuraie 

95.  J.  Koiitcbeoko 

as.  A.  Iloutcfaenko 

27.  W.Kontcheoko 

28.  CoarakhoYsky 

29.  Karakovsky 

30.  GairgensoDovsky 

SI.  TcherbiooYsky 

aa.  Nikitovsky,  (M.  Zaitzeflf) 

33.  Gelezniansky 

34.  Konbejansky,  Chi.  Bofrdaoovitch) 

35.  Koubeuansky,  (M.Chakhoflf) 


Second  district. 


36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
4tf. 
47. 
48. 
49. 
50. 
51. 
53. 
53. 
54. 
55. 
5tt. 
57. 
58. 

60. 
61. 
62. 
63. 

64. 


Tocbkovsky , 

Fetromarievsky,  (M.  Yiocler). . 
PetromarievBky,  (dee  payaans) . 

Sokolovaky,  (M.  SokoloflT) 

SokoloYsky,  (des  payaaoa) 

OolouboYsky , 

Dvienadzatirotaky 

OdinadzatirortBky 

Soflevsky 

JonrieYaky,  (M.  Goloub) 

JonrioYsky,  (des  payaans) 

Belianaky 

Boj^oroduzky 

KozloYsky,  (M.  Eozloff ) 

KoaloYBky,  (des  payaans) 

BonlatzeleYsky 

JonoYsky 

GlaflroYsky 

BongaeYsky , 

Lasorefsky,  (M.  SoaYoroff ) 

LasBorefsky,  (des  payaans) 

HalonikolaeYsky , 

PetropaYloYsky 

ChiistoforoYsky 

Chronstalny , 

KrasnokonUky 

Popovsky  

FacbtcbeYsky 

Gorodiobtchensky 


Totol 


B.—Ural  coal-batin. 


65.  Kys^loYsky 

66.  Kya^loYsky,  (Vsevolojsky) 

67.  AlexandroYsky 


ToUl. 


E.— Kingdom  of  Poland. 
(a)  Mines  of  the  crown. 


68.  XaY6ry , 

60.  TsecbkoYsky. 

70.  Labentsky.... 

71.  XoYaia , 

72.  Beden 


Total. 


(b)  PriYate  mines. 


73.  StBarbe... 

74.  Victor 

75.  Isnace 

76.  Geor^re 

77.  Andr6 

78.  Jeanne 

79.  MiacbeYska 

80.  Bigismnnd.. 

81.  Viiicent©  ... 

82.  Edouard 


Coal. 


Pouds. 

1, 176, 318 

76.000 

200,000 

200,000 

100,000 

100,000 

100,000 

43,000 

20,000 

10,000 

50,000 

leo.ooo 


30, 
56. 
90, 
255, 
70, 
1,282. 
50, 
85, 

5, 

25, 

50, 

200, 

100. 

60, 

30. 

200, 

80, 

30, 

25, 

3. 

40, 


000 
000 
000 
000 
000 
250 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


Total .• 12.203,546 


6,  270, 727 


428, 410 

30,075 

373.930 


832,405 


2,584.966 
1,252,940 

352,495 
1,506.862 

108,486 


5, 805, 749 


607,207 
3, 3.38, 272 
1,  460, 103 
2. 727,  476 
2,058,500 


Bitominona, 
Anthracite.!     shale,  and 
lignite. 


PmtdM. 


Poud$. 


209, 315 

51,125 

1, 750, 548 


10,000 
8,000 
5,000 

10,000 

10,000 
5,000 
8,000 

35,000 


14, 190,  455 


360,000 
42,000 


403.000 
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Collieries  in  Bussia— Continued. 


Name  and  location. 

Coal. 

Anthracite. 

Bituminous, 
shale,  and 
lignite. 

Y.^Baein  ofKouznttzk,  government  of  Tomah 
83.  Batchatsky 

Poitde. 
228,000 

Poude. 

Poudi. 

G.—Territory  of  the  Kirghises  qf  Siberia. 
84.  Karagandinsky 

404,591 
41,589 
35,386 

85.  Kyayltayaky 

86.  Douneoiilek-Sor 

•*••""••"•"**•• 

Total 

481, 436 

B..— Eastern  Siberia, 
87.  Dou'iaky 

895,894 

l.—Oatte<uut. 
88.  Konbansky 

140.000 

89.  K aradaksky 

58,941 

140,000 

58,941 

J.—Turkistan. 
90.  Tatarinovsky  (1870) 

75,000 

Grand  total 

35. 009, 156 

14, 190, 455 

1, 454, 941 

Grand  total  of  vroduction 

50, 654, 558 

ProduciUm  of  petroleum. 


Sonrces. 


A.^Territory  of  Terek. 


1.  Grosnensky,  MamakaieTsky,  Earabonlaksky. 

2.  Bragonnovsky 

3.  B^noievsky 


Total 


B.— -Territory  qf  Dagettan, 


4.  B^riksky  et  Dg^mikentsky 

5.  Naft-Eoutansky.*. 

6.  Bachlinsky. 

7.  ToapBona-Kontansky 

&  Gblk-Salgane-Kontansky 

9.  Nap-Eootanaky 

Total 

C— Territory  of  Kouban. 

10.  Ebadygensky 

11.  Koadako 

Total 

"D.—Oovemment  qf  Tijlie, 

12.  Mirsansky,  Chiraksky  and  Eldanky 

"E.—Oovermnent  of  Bahou. 

13.  Bakinsky,  Derbentaky  and  Eai'tago-Tabassaransky 

Grand  total 


697 


Number  of 
wells. 

Quantity. 

74 
90 

8 

Poude. 
28,64? 
6, 750 
405 

172 

89,80» 

20 
37 
42 
17 
3 
8 

2,700 
1, 013 
4,264 
1,978 
1,350 
1,485 

127 

12,790 

4 
10 

675 
97, 441^ 

14 

9ri,  124 

99 

69,522 

285 

1,165,285 

1, 375, 523 
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Collierief  in  Russia — Con  tinned. 


Name  and  location. 


Coal. 


Private  minet,  first  district— Continued. 

24.  Soci6t.de  la  Nouvelle  Rosaie 

25.  J.  Routchenko 

26.  A.  Rootchenko 

27.  W.Koutchenko 

28.  Coorakhovsky 

29.  KarakoYsky 

30.  GnirgensoDovsky 

31.  Tcherbinovaky 

32.  Nikitovsky,  (M.  Zaitzeff) 

33.  Gelezniansky 

34.  Konbejansky,  (M.  Bo^danovitch) 

35.  Roub^yansky,  (M.Chakhoff) 


Pouds. 

1, 176, 318 

76.000 

800.000 

200,000 

100,000 

100,000 

100,000 

42,000 

20,000 

10.000 

50,000 

180,000 


Second  district. 


36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
53. 
53. 
54. 
55. 
56. 
57. 

90. 

59. 
60. 
61. 
62. 
63. 
64. 


Tocbkovsky 

Petromarievsky,  (M.  Yincler) . . 
Petromarievsky,  (dea  payaans). 

Sokolovftky,  (M.  Sokoloff) 

Sokolovsky,  (des  paysana) 

Goloaboysky 

Bvienadzatirotaky 

Odinadzatirortsky 


Soflevaky , 

JonrieTaky,  (M.  Golonb) . . . 
Jonrievaky,  (dea  irayaans)  . 

Belianaky 

BogorodUcky 

Kozlovaky,  (M.  Kozloff ) . . . 
Koslovaky,  (dea  payaana)  . . 

Bonlatzelevaky 

Jonoraky 

Glaflrovaky 

Bongaeralcy 

Lasorefaky,  (M.  Soovoroff). 
Lazorefaky,  (dea  payaana) . . 

Malonikolaevaky 

Petropavlovaky 

Cbriatoforovaky 

Chrooatalny 

Kramokoataky 

Popovaky 

Facbtcbevaky 

Gorodicbtcbenaky 


30, 
56. 

90. 

255, 
70, 
1,282, 
50, 
85, 
5, 
25, 
50, 

200, 

100, 
60, 
30, 

200, 
80, 
30, 
25, 
3. 
40. 


090 
000 
000 
000 
000 
250 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


Total 


6,270,727 


D.— rraZ  coal-basin. 


65.  Kya^lovaky 

66.  Kva^loTKky,  (Vaevolojaky) 


428, 410 
30.075 


67.  Alexandrovaky j       373,920 


Total. 


'E.^Kingdom  of  Poland. 
(a)  Minea  of  the  crown. 


68.  Xav^ry , 

69.  Taeobkovaky. 

70.  Labentaky.... 

71.  Norala , 

72.  Beden 


832,405 


Total. 


(b)  Private  minea. 


73.  St  Barbe  . . . 

74.  Victor 

75.  Ignace 

76.  (^orge 

77.  Andr6 

78.  Jeanne 

79.  Miacbevaka 

80.  Sigiamiind . . 

81.  YlDcente  ... 
en.  Edonard 


5, 805, 749 


607,207 
3,338,272 
1. 460. 103 
2. 727,  476 
2,058,500 


2,58i966 
1.252,940 

359,495 
1,506.862 

1U8, 486 


209,315 

51,125 

1, 730, 548 


Bitnminons, 
abale,  and 
lignite. 


Pouds. 


10.000 
8,000 
5,000 

10.000 

10.000 
5,000 
8,000 

25,000 


14, 190, 455 


Total .- ,  12,202,546 


360,000 
42,006 


402.  ooa 
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Collieries  in  Busaia^Continued. 


Name  and  location. 

Coal. 

Anthracite. 

Bitaminona, 
shale,  and 
lignite. 

¥.Sann  of  KouzneUk,  goMmment  of  Tomsk. 
83.  Batchataky 

Pouds. 
928,000 

Poude. 

Poude. 

G.— Territory  of  thi  Kirghiaes  of  Siberia. 
84.  Karaeandinsky 

404, 5S1 
41,529 
35,386 

85.  KvSYltavBkY 

86.  DooDgoulek-Sor 

Total 

481,436 

'R.— Eastern  Siberia, 
87.  Dou'iakT 

295,894 

1.^0aueasut. 
88.  Xonbansky 

140,000 

Wr  Karadftkttky r^ r^r-r--, ,.---t 

52,941 

140,000 

58,941 

J.^Turkietan, 
90.  TatarinoYsky  (1870) 

75,000 

Grand  total 

35, 009, 156 

14, 190, 455 

1, 454, 941 

Grand  total  of  prodnotlon 

50,654,558 

Prodtuitian  of  petroleum. 


Sonrcea. 


A.^Territory  of  Terek. 


1.  Grosnensky,  MamakaSeyaky,  Karaboolaksky. 

8.  Bragonnovaky 

3.  B^noievaky 


\ 


Total 


B.— Territory  of  Dagestan. 


4.  B^rikaky  et  Dg^mikentaky. 

5.  Naft-Koiitaaaky.*. 

6.  Bachlinaky. 

7.  Toapaona-jEoatansky. 
a  Ghik-Salgane-Kfl 
9.  Nap-Eootanaky 

Total 


a  Ghik-Salgane-Koatuiaky 
atanaky 


C— rerritory  <^  Kouban. 


10.  Khadygenaky 

11.  Kondako 


Total 

D.—Qovemment  of  Tijlie, 

12.  Miraanaky ,  Chirakaky  and  Eldaraky 

E.—Qovemment  cf  BaJcotu 

13.  Bakinaky,  Derbentaky  and  Kai'tago-Tabaaaaranaky 

Grand  total 


Knmber  of 
wella. 


74 
90 

8 


172 


20 
37 
42 
17 
3 
8 


127 


4 

10 


14 


99 


985 


697 


Qaantity. 


Poudt. 
22,647 
6,75a 
405 


89,80» 


8,700 
1,013 
4,864 
1,978 
1,350 
1,485 


18,790- 


675 
97,449- 


9ri,184 


69,522 


1, 165, 885 


1, 375, 583 
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Production  of  chrome-iron  ore. 


Sources. 


Private  mines  in  the  UraL 


1.  Vorkb-Iretsky 
a.  Kychtinisky  .. 

3.  Chiiitanflky 

4.  Oufale'iaky .... 


Total 


Number  of 
miiie«. 


S 
1 
1 
2 


6 


Poada. 


337,685 

54,897 

109,264 

49,127 


450,973 


Production  of  salt. 


Soarces. 


A.—BocksedL 


UINB8. 


1.  Ilftskflia  Zachtchita 

2.  Mont  Tchiptchatchi 

3.  Koalpi  usky 

4.  Nakhitcb^vansky... 


Total. 


B.—SaU  obtained  by  evaporation. 


WORKS. 


5.  D()(lioakbin8ky 

6.  LoDveusky 

7.  Ousaolskv 

8.  SolikamsKy 

9.  Ledenjsaky 

10.  Totemsky 

11.  S^»r6jrov8ky 

12.  N6Dok8ky 

13.  Koaloisky 

14.  OuDskv 

15.  Londaky 

16.  Small  works  on  tbe  borders  of  the  White  Sea 

17.  Balakhninsky 

18.  Slaviansky 

19.  Troit«ky 

20.  Onstekoutsky 

21.  Irkoutsky 


Total. 


C.^StiU  from  salt  lakes. 

SALT  LAKES. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

:n. 

32. 
33. 
34. 
35. 


Elton 

D' Astrakhan 
Gaidonksky  . 
Mojarsky. 


I>eCriro6e 

Koayalnitsky 

Tchalf;bin8ky 

Da  Transoaucase 

Manytchsky  des  Cosaqnes  da  Don,  (1870) 

Des  Cosaques  du  Kouban,  <1870) 

Indersky  des  Cosaqnes  de  TOaral,  (1870) . . 

Borovya  et  Altouskya 

Borsinsky 

Jakoutsky 


Total. 


Grand  total 


Pouds. 

1, 048, 367 

802.638 

1, 012. 212 

203,625 

3, 067. 042 

2,  477,  743 

'    3,  699,  373 

3  390.690 

935,605 

170, 264 

6.865 

233,532 

69,965 

429 

8,173 

3.836 

5,569 

26.628 

151, 624 

100,801 

42,744 

330,555 

11,654,596 

370,000 

4,  379, 086 

235,618 

497,763 

6, 257, 015 

715,287 

201,095 

345,265 

124.680 

82,776 

192.900 

30,426 

90,581 

11,100 

13,538,892 

28,254,530 

In  the  concluding  tables  a  general  view  is  presented  of  the  total  pro- 
<]action  of  the  mines  and  metallurgical  works  of  the  Russian  Empire  in 
the  years  1870  and  1871. 
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General  table  of  the  production  of  the  mines  and  metallurgical  works  of  Buseiaj  1870  and  1871. 


Wa»h%ngt. 


Anrirerous  sand . . 
Platiniferoas  sand 


JBxtracted  by  toothing. 


Waabed  gold  . . 
Crude  platiuom. 


Extracted  frwn  mines, 

Ai^ntiferouB  lead-ore 

Copper-ore 

Iron-ore 

Zinc-ore 

Tin-ore 

Cobaltp-ore 

Por  vitriol,  (pyrites  excepted) 

Coal 


1871. 


Graphite 

Petroleum  . . . 
Chromic  iron 
Salt 


SmeUed. 


Argentiferous  lead-ore. 

Copper-ore 

Iron-ore 

Zinc-ore 

Tin-ore 


Products  obtained. 


Silver  from  the  ores 

Lead 

Copper  

Tin 


Pig-iron , 

Cast  iron  in  different  forms 


Poude. 

1, 091. 518,  424 
10, 440, 650 

Poud.  liv.  zot  gr. 
2,399  38    2    8 
125    6  56    0 

Poude. 

2, 177, 540 

6, 222, 759 

50,  823,  668 

2,  629, 477 

22,909 

649 

50,000 

50,654,552 


1870. 


Total  of  cast  iron 
Zinc,  crude 


Cast  iron  from  cupolas 

Cast  iron  from  reverberatory  furnaces 


Total  of  cast  iron 


Iron  in  bars,  rods,  rails,  &o 
Iron  in  sheets 


1, 375, 523 

450, 973 

28, 254, 530 


1, 892, 636 

6,  384, 154 

4tf,.'i67,l.'>2 

1,  665,  495 

? 

Poud.  liv.  zoL 

828    30    27 

107,963    26      0 

260,006    31      0 

475      0      0 

Poude. 

18, 854,  634 

3, 149,  884 


Poude. 

983,  475,  095 
9, 609, 150 

Poud.  liv.  zol.  gr. 

2, 150  23   16   19 

118  38   33     0 

Poude. 

2. 116, 404 

6. 392,  622 

48.  763. 156 

2,666,754 

66,292 

1.249 

95,000 

43, 230, 589 


Tot  il  of  iron 


Steel 

Copper,  in  sheets 

Zinc,  in  sheets 

Cobalt  matte 

Iron-work 

Work  in  other  metals. 
Vitriol,  &c 


Total  of  different  mints 


Now  toorking. 


Gold  -mines 

Platina-mines 

Argentiferous  lead 

Mines  of  copper 

Mines  of  iron 

Mines  of  zinc 

Mln  es  of  cobalt 

Mines  of  tin 

Mines  of  coal 

Mines  of  graphite 

Mines  of  pyrites 

Mines  of  chromic  iron 

Mines  of  rock-salt 

Sources  of  petroleum 


22,  004,  518 

166, 581 

1, 306. 110 
452, 239 

1,  890, 279 

11, 959,  622 
S,  998,  975 

14,  958, 597 

442, 241 
21,277 
30,000 


850,  831 

36,813 

4,605 

RotihUe. 
11,254,744 


Number. 

979 

6 

21 

76 

1,174 

6 

1 

1 

327 


1 
6 
4 

697 


1,  704.  455 

600,024 

29,  013, 458 


2, 066, 792 

7, 190, 213 

48,464.114 

2, 117,  318 

f 


Poud. 

867 

100, 653 

308,440 

1,032 


liv.  zol. 
30    68 


20      0 

0      0 

0      9 

Poude. 

18,557,412 

3, 401, 914 


21.  959, 326 


221.328 


1, 343,  891 
620, 851 


1. 964, 742 


11,971,459 
3, 246. 449 


15, 217.  908 


536,  086 
29,  642 
26,  844 

305i 
958,634 
53,885 
9,910 

RoubUe. 
33, 545,  043 


Number. 

1,208 

6 

26 

71 

1.283 

6 

1 

I 

193 


2 

9 
4 

77 
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Oeneral  table  of  the  production  of  the  mines  and  metallurgical  works  of  Russia^  1870  and 

1871 — Continued. 


Minto 

Refineries  for  gold 

Silver-works 

Copper- works 

Cast-ironworks 

Zinc-works 

Cobalt- works 

Tin-works 

Works  prodaoing  iron  and  steel. 

Hich-fumaces 

Poddllng-fumaoes 

Refinery-famaces 

Forses 

Steel-furDaces 

Cax>olA-^iii^uu;es 

Beverberatory-farnaces 

Copper-famaces 

Silver-faniaoes 

Zinc-famaces 

Steam-engines 

Power  of  engines 

W  ater-m  o  tors 

Power  of  motors 


Xumber  of  workmen  employed  in  the  mines  and  works 

Xnmber  of  workmen  employed  In  the  gold-washings 

Nnmber  of  workmen  employed  in  the  salines,  (approximated) . 

To  tal  of  w  orkmen  employed 


1871. 


Number. 


9 
S 

9 

33 

153 

5 


1 
214 
S3-2 
431 
667 
818 
373 
150 
93 
947 
130 
141 
515 

14,477 
2,934 

39,938 


158,446 
67.854 
40,000 


266,300 


1870. 


Number. 


2 

2 

10 

39 

164 

4 

1 

1 

214 

245 

445 

693 

994 

495 

161 

93 

263 

130 

128 

483 

13,730 

9,233 

51,969 


156,197 
69,186 
40,000 


263,383 


CHAPTER  VII. 


GREAT  BRITAIN. 

Principal  exhibitors  ;  Cammell  &  Co. ;  John  Brown  &  Co. ;  Bowling  Iron 
Company  ;  Thomas  Firth  &  Son's  steel  ingots  ;  Landore  Siemens  Steel  Com- 
pany; Whitwell's  hot-blast  stoves;  Siemens's  direct  process;  Decorated 
tin-plate. 

152.  The  exhibition  of  iron  and  steel  by  Great  Britain  is  meager  com- 
pared with  its  rank  as  first  on  the  list  of  iron-producing  countries. 
There  are  but  few  exhibitors,  and  no  effort  appears  to  have  been  made  to 
present  a  general  or  statistical  view  of  the  extent  and  value  of  British 
iron-industry,  as  was  done  at  the  Paris  Exposition  in  1867. 

153.  The  annexed  tables  exhibit  the  exports  of  iron  and  steel  from 
Great  Britain  for  the  years  1873  and  1874,  and  during  the  first  half  of 
the  year  1875.  These  figures  are  compiled  and  published  by  the  Board 
of  Trade  authorities,  and  are  cited  by  Mr.  Forbes  in  the  report  of  the 
Iron  and  Steel  Institute  of  Great  Britain. 


Exports  of  iron  from  Great  Britain  in  the  years  1873, 1874,  and  the  first  half  of  1875. 


Whither  exported. 


Pig 


To  Germ  any 

To  Holland 

To  Belgium 

To  France 

To  United  States 

To  British  North  America. 
To  other  countries 


Total 


Bar,  angle,  bolt,  and  rod : 

ToRassia 

To  Germany 

To  Holland 

To  France 

To  Italy 

To  Tarkey 

To  United  States 

To  British  North  Ameiica. 

To  British  India 

To  Australia 

To  other  countries 


Total. 


Hailroad,  of  all  sorts : 

To  Russia 

To  Sweden  and  Norway 

To  Denmark 

To  Germany 

To  Holland ' 

To  Belgium 

To  France 

To  Spain  and  Canaries  . 

To  Italy 

ToTnrkey 

To  Egypt 

To  United  States 


1873. 


Tons. 
146, 743 
189, 868 
81, 317 
5:2,353 
63,183 
18,847 
82,434 


634,745 


6,533 

19,203 

8,303 

2,142 

8,395 

3,240 

20,535 

19,205 

7,892 

7,624 

47, 153 


150,225 


47,780 
15,876 

2,808 
24.375 

8,214 
16.643 

2,139 

6,548 

13,084 

552 

1,667 
120,  468 


1874. 


Tons. 
61,820 
84,546 
40, 578 
26,983 
26,760 
14,958 
64,253 


319, 898 


6.031 

3,697 

2,765 

369 

8,871 

5,853 

3,193 

12, 771 

1^224 

9,003 

44, 708 


115,485 


74,460 

39,968 

5,897 

3,297 

9,004 

12,306 

1,  613 

10,985 

10,254 

8,889 

10, 930 

64,969 


1875. 


Tons. 
106, 911 
95, 771 
58,074 
42,184 
26,580 
22,502 
80,577 


432, 599 


7,395 

3,618 

3,689 

286 

10. 551 

5,150 

1,380 

10, 143 

25.082 

15, 678 

45,416 


128, 388 


30,927 

25,293 

2,063 

737 

3,388 

493 

51 

6,168 

5,338 

28 

1,474 

15.734 
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Exports  of  iron  from  Great  Britainy  4c. — CoDtinaed. 


Whither  exported. 


To  Brazil 

To  Peru 

To  Chili 

To  British  North  America 

To  BritiBh  India 

To  Anstralia 

To  other  conntrieB 


Total 

Wire  of  iron  or  eteel,  (except  telegraph-wire,)  galvanized  or  not. . 

Hoops,  aheetfl,  boiler  and  armor  plates: 

ToRusaia 

To  Germany 

To  Holland 

To  France 

To  Spain  and  Canaries 

To  Italy i 

To  United  States 

To  British  North  America 

To  British  India 

To  Anstralia , 

To  other  countries 


Total. 


Tin  plates: 

To  France 

To  United  States 

To  British  North  America. 

To  Australia 

To  other  countries 


Total , 

Cast  or  wrought,  and  all  other  manufactures  (except  ordnance) 
nnenumerated : 

To  Russia 

To  Germany 

ToHolUnd 

To  France 

To  Spain  and  Canaries 

To  United  States 

To  Peru 

To  Brazil , 

To  British  Norib  America 

To  British  Possessions  in  South  Africa 

To  British  India 

To  Anstralia 

To  other  countries 


Total. 


Steel,  unwrought : 

To  France j. 

To  United  States 

To  other  countries 


Total. 


Old  iron  for  remannfacture: 

To  United  States 

To  other  countries 


Total 

Manufactures  of  steel,  or  steel  and  iron  combined 
Total  of  iron  and  steel 


1875. 

1874. 

1873, 

Tons. 

Tons. 

Tons. 

3,963 

11, 597 

5.059 

5,467 

4,628 

11,455 

2,908 

9,165 

11.045 

29,774 

28.710 

52,790 

1     8, 132 

25.026 

16,901 

1     9.993 

38,088 

42. 015 

27,839 

57, 461 

28,418 

348.  430 

427,267 

259,307 

15, 992 

14.  714 

21,960 

8,520 

3,312 

5.247 

17, 213 

2,888 

5,850 

6,382 

3,076 

4,827. 

3,375 

714 

803 

2,430 

3,481 

2,843 

4,676 

3.638 

4,465 

12,935 

2,892 

3,313 

5,742 

3,342 

3,168 

6,279 

8,857 

16,542 

10,  410 

10,  605 

17,527 

30,580 

26,004 

30,016 

108,  442 

68,809 

94,601 

2,095 

1,236 

1,099 

49.  645 

49,  717 

52,  323 

1,619 

952 

1,878 

2,231 

1,839 

1,398 

11,253 

9,790 

15,  432 

66,843 

63,  534 

72,130 

21,646 

7.405 

8,060 

18.251 

6,245 

8,950 

8,710 

4.120 

4,629 

2.601 

1,813 

2,353 

5,098 

5.  452 

3,326 

7,136 

12,008 

4.703 

4,427 

1,  463 

753 

6,857 

4,268 

3,962 

8,135 

13,  031 

H,098 

2.604 

2,869 

3,065 

9, 533 

10,  462 

14,018 

14,528 

16,  709 

21, 695 

30, 938 

43.808 

34.634 

140, 664 

129,  652 

118. 251 

1,478 

1,2P4 

1.355 

10,  879 

6,520 

5.566 

8,295 

6,443 

7,929 

20,652 

14, 247 

14,850 

26,  6.50 

3.586 

3.783 

14,705 

10, 967 

5,062 

41,355  1 

14,553 

8,845 

5,314 

4.561 

5,249 

1,  532,  662 

1, 172,  720 

1, 156,  IbO 

154.  Principal  exhibitors. — The  heaviest  exhibition  in  the  British 
section  is  made  by  the  firm  of  Cammell  &  Co.,  of  ShefiSeld,  which  sends 
cast-steel  propeller-blades,  rails,  wheels,  axles,  and  armor-plates.  The 
firm  of  John  Brown  &  Co.,  which  sent  such  massive  iron  plates  to  the 


Fig.  61. — Whitwell'g  hot-blast  stove,  vertical  sectioD. 


whitwell's  hot-blast  stove.  225 

Paris  Expositioa  in  1867,  Is  content  this  year  with  making  a  very  full 
display  of  railway'inaterial,  and  two  small  armor-plates  showing  the 
effects  of  roand  shot  and  of  pointed  shot.  The  large  plate  sent  by  Cani- 
mell  &  Co.  is  20  feet  long  by  7  feet  wide  and  10  inches  thick,  and  is 
intended  for  the  German  turret-ship  Borussia. 

The  Bowling  Iron  Company  exhibits  iron  and  steel  boiler-plates,  steel 
castings,  and  railway-material.  Steel  tires  for  railway-wheels  are  shown 
bent  while  cold  into  various  forms  without  breaking.  Thomas  Firth  & 
Son  exhibit  steel  ingots;  a  homogeneous  steel  core  for  a  35-ton  gun, 
and  forgings  of  the  same  metal  for  artillery  and  rifle  barrels.  The  Lan- 
dore  Siemens  Steel  Company  send  samples  of  their  steel  rail  and  tires, 
and  of  the  steel  barrels  for  the  Martini-Henry  rifle.  In  the  exhibition 
made  by  Johnson  &  Nephew,  Manchester,  there  is  a  weldless  wire  1,770 
yards  long. 

There  are  several  other  contributions  of  considerable  interest,  but  the 
most  important  in  a  metallurgical  point  of  view  are  the  exhibitions 
made  by  Thomas  Whitwell  of  his  hot-blast  stoves,  and  by  0.  William 
Siemens  of  a*new  process  for  the  production  of  iron  or  steel. 

155.  Whitwell's  hot-blast  stoves.— The  patent  fire-brick  stoves 
of  Mr.  Whitwell  are  intended  to  heat  the  blast  of  iron-furnaces.  The 
invention  is  represented  by  a  very  perfect  model,  accompanied  by  a  full 
series  of  drawings,  and,  what  is  better,  by  an  intelligent  agent  to  explain 
them.  The  stoves  are  designed  to  replace  the  ordinary  iron  pipes  used  for 
beating  the  blast,  substituting  for  them  a  series  of  fire-brick  chambers 
and  passages  which  are  heated  by  the  direct  contact  of  the  flames  of  the 
burning  gases  taken  from  the  furnace  in  the  usual  way.  When  the 
mass  of  brick  is  sufficiently  heated  the  gas  is  shut  oif  and  the  blast  is 
admitted.  This  in  passing  through  the  same  heated  chambers  acquires 
the  temperature  of  the  bricks.  The  brick- work,  of  course,  gradually  cools 
down,  but  by  the  time  the  last  chamber  begins  to  be  too  cool  another 
stove  has  been  heated  up,  and  the  blast  is  made  to  pass  through  that. 
The  stoves  are  thus  alternately  heated  by  the  burning  gas  and  cooled 
by  the  blast.  The  advantages  of  this  system  are  numerous.  One  of  the 
greatest  is  uniformity  of  temperature  of  blast,  which  cannot  be  counted 
upon  with  iron  pipes.  The  bricks  are  a  great  store-house  of  heat,  and 
cool  gradually.  Iron  pipes  cool  suddenly  when  from  any  cause  the  sup- 
ply of  burning  gas  is  stopped.  The  air  being  brought  into  direct  contact 
with  the  surfaces  previously  heated  by  the  gas,  absorbs  the  heat  quickly 
and  with  little  loss.  The  apparatus  is  simple,  is  easily  erected,  and  is 
being  extensively  introduced.  For  cupola-furnaces,  making  600  tons 
a  week,  two  stoves,  12  feet  square  by  21  feet  high,  and  with  2,270  super- 
ficial square  feet  of  heating-surface  in  each,  are  necessary. 

The  construction  of  these  stoves  is  shown  by  the  annexed  figures,  giv- 
ing vertical  and  horizontal  sections  and  plans. 

Fig.  61.— Heating  the  stove—vertical  sectian.— The  hot-blast  valve  A  and 
the  cold-blast  valve  0  being  closed,  the  gas- valve  B  is  opened,  through 
15  I 
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which  the  gas  enters  the  stove,  traverses  up  and  down  the  spaces  be- 
tween the  upright  walls,  and  enters  the  chimney-flae  by  the  valve  D. 
Heated  air  is  supplied  to  the  gas  by  means  of  the  air-valves  a  and  c  and 
passages  b  and  dj  by  which  a  most  intense  combustion  is  gained.  The 
ioternal  heat  of  the  stove,  as  well  as  the  combustion  of  the  gas,  is  ob- 
served by  the  eye  pieces  e  e. 

Figs.  61,  62. — Heating  tJie  blast. — The  chimney- valve  D  and  gas- valve 
B  being  closed,  and  the  hot-blast  valve  A  being  opened,  the  cold  blast  is 
admitted  through  the  cold-blast  valve  0  and  issues  from  the  stove  by 
the  valve  A  red  hot^  all  other  valves  being  closed  perfectly  tight. 

Figs.  61,  63,  64. — Cleaning  the  stove. — When  it  is  required  to  clean  a 
stove  the  top  cleaning-doors  E  are  opened  and  the  walls  scraped  with 
the  ^'  cleaning-tools,"  when  the  dust  deposited  on  the  heating-surfaces 
falls  to  the  bottom  of  the  stove,  and  is  removed  by  the  bottom  cleaning- 
doors  F. 

The  upper  plan,  page  230,  shows  the  arrangement  of  the  stoves  to 
four  furnaces  in  full  blast  at  the  Consett  Iron- Works ;  but  this  plan  may 
be  varied  to  suit  all  circumstances. 

The  following  distinguishing  advantages  are  claimed  by  the  inventor 
for  these  stoves : 

1st.  That  they  will  stand  a  temperature  of  2,000^  without  damage. 

2d.  There  is  no  wear  and  tear  of  cast-iron  pipes  or  material. 

3d.  They  are  sooner  cleaned  than  any  others,  the  time  required  between 
aying  off  and  starting  again  being  six  hours.  Tdey  are  not  cooled  down, 
but  are  cleaned  from  the  outside  while  red-hot.  This  takes  place  at  in- 
tervals at  from  three  to  six  months,  according  to  the  amount  of  dust  in 
the  gas. 

4th.  The  principle  on  which  the  stoves  are  constructed  insures  the 
greatest  economy  of  gas  or  fuel,  whilst  the  heat  that  is  obtained  in  the 
blast  is  nearly  the  whole  of  that  given  off  by  such  gas  or  fuel. 

5th.  The  cost  of  the  stoves  is  not  proportionately  more  per  furnace 
than  that  of  ordinary  cast-iron  plant,  equal  to  modern  requirements. 

6th.  These  fire-brick  stoves  effect  a  saving  of  several  cwts.  of  fuel 
per  ton  of  iron  made. 

7th.  The  stoves  being  riveted  and  calked  air-tight,  there  is  no  loss 
by  bad  joints,  and  hence  a  large  amount  of  wear  and  tear  is  saved  to 
the  blowing  engines. 

8th.  The  areas  throughout  are  so  regulated  that  there  is  no  loss  of 
pressure  by  friction,  but  a  pressure  of  four  pounds  in  the  engine-house 
gives  an  equal  pressure  at  the  tuyere^  where  the  plans  of  the  patentee  are 
properly  carried  out. 

9th.  The  immense  reservoir  of  caloric  stored  up  in  these  stoves,  each 
red-hot  wall  acting  as  a  fly-wheel  so  to  speak,  and  giving  out  its  power 
when  most  required,  produces  the  best  effect  on  the  working  of  a  fur- 
nace. 

10th.  These  stoves  form  a  perfect  regulator  to  the  blast,  acting  in  this 


Fio.  62.— Wbilwell's  hl>^blast  M 


FlO.  63.— Whitwell'B  hot-blaat  stove,  horizODtal  BcctiDn. 


Fig.  64.-~Wbitwell'BbDt-blBBtsloi 
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respect  as  the  air-vessel  ia  a  force-parap,  and  dispeivsing  altogether  with 
the  large  air-regalators  that  are  found  necessary  in  many  works,  the 
blast  being  perfectly  steady  at  the  tuyere. 

The  use  of  hot  blast,  of  the  temperature  obtainable  from  these  fire- 
brick stoves,  enables  iron-masters  to  effect  a  saving  in  fuel,  much  beyond 
what  can  be  obtained  by  any  amount  of  cast- metal  pipes  ^  and,  if  a  heat 
from  1,S00  to  2,000  degrees  and  upwards  be  desired,  these  stoves  stand 
it  without  damage,  whilst  metal  ones  at  once  give  way. 

It  is  now  generally  known  that  high  furnaces  do  not  work  well  with 
many  kinds  of  fuel  and  ores,  where  those  of  moderate  dimensions  have 
no  difficulty,  but  the  hot  blast  produced  by  Whitwell's  fire-brick  stoves 
never  fails  to  effect  the  desired  saving  in  fuel,  whilst  at  the  same  time 
proving  a  corrective  to  nearly  all  those  evils  that  lower  the  make  and 
quality  of  pig-iron.  In  France,  Alsace,  Lorraine,  the  hematite  districts, 
&C.,  high  furnaces  have  been  already  tried,  but  have  failed  chiefly  on 
account  of  their  scaffolding ;  the  approved  height  of  furnace  is  now  from 
55  to  60  feet,  except  in  Cleveland,  whether  for  smelting  hematite,  mag- 
netic, oolitic,  or  carbonaceous  ores. 

The  original  patents  of  Messrs.  Siemens  &  Gowper  have  now  expired, 
and  therefore  the  extra  royalties  hitherto  imposed  are  saved.  Patents 
have  been  granted  to  these  stoves  in  Great  Britain,  France,  Belgium, 
the  United  States,  Luxembourg,  Eussia,  Austria,  Spain,  Portugal,  Swe- 
den, Norway,  Italy,  the  East  Indies,  New  Zealand,  and  Canada. 

The  celebrated  firm  of  Messrs.  Schneider  &  Cie,  Le  Creusot,  France, 
have  during  the  past  year  blown  in  their  first  furnace  on  this  system. 
They  make,  with  four  stoves,  400  tons  per  week  of  Bessemer  pig.  Tfie 
Douclais  Iran  Oo,,  Merthyr  Tydvil,  have  also  adopted  the  stoves  for  the 
same  purpose,  not  only  on  account  of  the  heat  of  the  blast,  butthejper- 
feet  regularity  with  which  they  work. 

In  general  terms  one  stove  will  make  100  tons  of  pig  per  week ;  at  the 
Consett  WorhSj  one  stove  makes  above  125  toun  gray  iron  per  week;  and 
for  some  time  past,  the  furnaces  on  a  mixture  with  46  per  cent,  metallic 
iron  have  made,  with  four  stoves,  500  tons  per  week ;  the  average  tem- 
perature of  the  blast  is  1,400^  by  Siemens'  pyrometer. 

In  Luxembourg,  with  oolitic  ores  of  32  per  cent,  metallic  iron,  and  coke 
with  18  per  cent,  of  ash,  the  consumption  is  20  cwt.  coke  per  ton  of 
gray  pig ;  production  525  tons  per  week  per  furnace. 

At  Weilerbach,  in  a  charcoal  furnace  29  feet  high,  with  oolitic  ores  of 
32  per  cent,  metallic  iron,  the  consumption  is  20  cwt.  charcoal  per  ton  of 
gray  pig;  the  adoption  of  fire-brick  stoves  in  this  case  to  an  old  furnace 
enabled  the  proprietors  to  use  a  mineral  of  less  value  producing  the  same 
quality  of  pig  as  was  formerly  made  with  more  ejopensive  ores;  the  economy 
in  fuel  attained  by  the  fire-brick  stoves  is  6  cwt.  charcoal  per  ton  of  pig, 
and  castings  of  the  finest  description  are  run  direct  from  the  blast  fur- 
nace, the  iron  being  now  exceedingly  soft.  • 

Heating  surface, — In  these  stoves  every  square  inch  is  effective  as  heat- 
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ing  surface,  as  the  burning  gases  are  compelled  between  entering  and  leav- 
ing the  stove  to  traverse  the  whole  surface  of  the  bricks  exposed  ;  the  blast  in 
its  turn  also  passes  over  the  identical  surfaces  previously  heated  by  the 
gas,  and  absorbs  from  them  the  heat  required. 

In  no  other  stoves  where  brick-work  is  used  as  heating-surface  is  this 
the  case ;  hence  in  WhitwelPs  fire-brick  stoves  a  much  smaller  quantity 
of  heating-surface  is  necessary  for  heating  the  blast,  inasmuch  as  every 
part  of  it  is  effective. 

At  this  date,  the  stoves  are  adopted  by  33  firms,  including  some  of  the 
largest  in  Europe,  Consett^  DowlaiSy  Le  Cretisot,  DeWendel  &  Oie.j  Kruppj 
Bochum,  Dupont  <&  Dreyfuss^  &c. 

These  hot  blast  fire-brick  stoves  have  been  adopted  by  the  following 
firms: 


stoves. 


GREAT  BRITAIN. 

Oonsettlron  Company,  limited,  Dnrham 

yorth  of  England  Induitridl  Iron  Company,  limited,  Carlton  Ironworks,  Stooktx>n 
on-Tees. 

The  Soltoay  Hematite  Jron  Company,  limited,  Maryport    (Beesemer  pi^ 

The  Mom  Bay  Hematite  Iron  Company,  Workiii^ton.    (Besaemer  pig) 

The  Wett  Cumberland  Hematite  Iron  Company,  Workiuj^n 

The  BtUterley  Iron  Company,  Alfreton,  Derby , 

The  Tees  Bridge  Iron  Coti^any,  limited,  Stookton-oa-Tees , 

Wm.  Whitweu<£  Co.,  Thornabvlron  Works,  Stockton-on-Tees 

Bell  Brothers,  Walker  Iron  Works,  Ke wcastle-on-Tyne 

BOUTH  WALB8. 

The  Dowlais  Iron  Company,  Mertbyr  Tydvil 

Tk€  iiov^nwr  arid  Company  of  Copper  Miners  in  England,  Cwm  Avon,  Port  Talbot 


CONTlNEi^T. 


•niiivns. 


If.  M.  Schneider  dk  Cie.,  Le  Creasot.    (Bessemer  pig) 

Le  Baron  Adelsward,  Iiongwy 

SocUti  de  Yetin  Aulnoye,  Nancy 

Soei4U  Anomyme  des  Forges  de  Denain 

Societide  Commentry  et  ChatiUon 


PRUSSIA. 


F.  Krupp,  Johannesbntte,  Duisberg 

Friederieh-Wilhelms-HiUte,  Mulherm,  a.  d.  Rahr... 

SoeUU  D^Acier  Bochum,  Westpbalia 

Sociiti  de  Horde,  Dortmund 

J.  H.  Dressier,  sen.,  Siegen 

Scha'.ker,  Gruben  <£  Hiitten  Verein,  Gelsen-Korchen 
Concordiahiitte  EsehroeUer 


ALSACE    LORRAINE. 


M.  M.  Le  Petit  Fits  de  Fois,  De  Wendel  rf  Cie.,  Hayange. 
If.  M.  Dupont  <£  Drqffuss,  Ars-sur- Moselle '. 


GRAND  DUCHY  OF  LUXEMBOURG. 


Soci^fe  .irumyme  Des  Hauts-Foumeaitx,  Ewb-sar-L'Aleette  ... 
M.  Jf.  Philip  d  Bernard  Sermis.  Weilerbach.  (Charcoal  pig). 
M.M.Metzdi  Cie.,  Forges  d'Eich 
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BKLGIUM. 


SociiU  AfMnyme  dei  Hants  Foumeaux,  Athns 
SocieU  John  CockeriU,  Hertdng,  Liege 


BPACr. 

Oantdbrian  Iron  Company ^  HmiUdt  Bilboa 

UZnTED  STATES. 

Cfedar  Point  Iron  Company,  Port  Henry,  New  York. 
BoyU^  DUmaiM  dt  JaraxB^  Kieing  Fawn,  Georgia 

Total 


Stoves. 


, 

•  .i 

a 

s 

«,  w 

1 

ll 

£ 

**5 

5^ 

2 

10 

S 

8 

S 

6 

•••••• 

1 

4 

1 

3 

53 

149 

56 

Total:  33  companies,  53  blast-furnaces,  207  stoves. 
The  arrangement  of  the  stoves  at  Gonsett,  at  Krupp's,  and  at  Creusot 
is  shown  in  the  annexed'cnt. 


230 


VIENNA   INTERNATIONAL   EXHIBITION,  1873. 


■kJBP] 


s 

s 


^ 


Le  Creasot. 


§ 


« / 


--C-- ''    \-> 


^"^ — 


.--^ 


>  ^ 

9 

u 


^-^'-% 


*►.— ' 


^»-- 


Q 


DO 


§ 


whitwell's  stoves  at  consett. 


232  VIENNA   INTERNATIONAL    EXHIBITION,   1873. 

156.  Siemens'  direct  process.— Dr.  C.  William  Siemens,  of  London, 
illustrates  his  newly-proposed  method  of  producing  iron  and  steel  directly 
from  the  ore  by  models  of  the  furnaces  and  apparatus,  with  speci- 
mens of  the  products  and  of  the  materials  employed.  The  chemistry 
of  iron  metallurgy  is  indebted  to  Dr.  Siemens  for  many  valuable  con- 
tributions, not  the  least  of  which  is  his  lecture  before  the  Chemical 
Society,  in  March  last,  upon  smelting  iron  and  steel.  In  that  lecture  he 
gave,  in  considerable  detail,  the  course  and  results  of  the  experiments 
which  finally  led  him  to  adopt  the  direct  process.  Briefly  stated,  this 
process  consists  in  smelting  successive  charges  of  ore  in  a  rotary  pad- 
dling furnace.  A  charge  of  about  twenty  hundred-weight  of  crushed 
ore  mixed  with  the  proper  fluxing  material  is  placed  in  the  rotating  pud- 
gier. When,  by  the  flame  from  a  regenerative  furnace,  it  has  been 
•brought  to  a  red  heat,  from  five  to  six  hundred- weight  of  small  coal  is 
;added  and  the  speed  of  the  puddler  Is  increased.  The  reduction  of  the 
ore  to  the  metallic  state  proceeds  rapidly,  the  carbonic  oxide  evolved  is 
burned  within  the  chamber,  and  very  little  gas  firom  the  gas-producers 
is  required.  When  the  reduction  is  complete  the  puddler  is  stopped,  and 
the  fluid  slag  is  drawn  off.  The  puddler  is  then  rotated  rapidly ;  the 
iron  is  collected  into  two  or  three  metallic  balls,  which  are  withdrawn  and 
treated  in  the  usual  way.  About  two  hours  are  required  for  a  charge, 
and  assuming  that  one  thousand  pounds  of  iron  are  got  out  to  each 
charge,  the  furnace  would  produce  about  five  tons  of  puddled  bar  per 
diem.  It  is  claimed  to  be  feasible  to  push  the  operation  so  far  within 
the  rotator  as  to  produce  cast-steel.  Mr.  Siemens  claims  and  undertakes 
to  demonstrate  that  by  this  process  a  very  great  saving  of  fuel  is  effected. 
For  the  lining  of  the  rotary  puddler,  after  numerous  trials,  he  has  found 
a  mixture  of  calcined  bauxite  powder  with  clay  and  plumbago  to  be  the 
best.  Three  per  cent,  of  clay  and  six  per  cent,  of  plumbago  give  the 
best  results  as  binding  materials.  Bauxite  is  a  ferruginous  clay,  con- 
taining from  one  to  four  per  cent,  of  silica.  The  graphite,  uader  the  in- 
tense heat,  reduces  the  oxide  of  iron  in  the  bauxite  to  the  metallic  state. 
Linings  so  made  have  been  found  to  be  very  durable,  far  more  so  than 
the  best  fire-brick. 

As  Dr.  Siemens'  papers  have  been  extensively  published  and  circu- 
lated,* it  is  unnecessary  to  give  more  than  this  general  notice  of  his 
process.  Experiments  are  yet  in  progress  at  his  experimental  works  in 
Birmingham,  to  which  a  special  visit  was  made  by  the  writer. 

157.  Decorated  xiN-PLAXE.-^The  Tin-Plate  Decorating  Company, 
of  Neath,  England,  made  a  considerable  display  of  tin-plate  covered 
with  a  great  variety  of  designs  and  of  various  colors.  Snch  plates  are 
supplied  of  any  required  design,  at  only  a  moderate  increase  of  oost 
over  ordinary  tin-plate.  They  are  already  largely  introduced  for  small 
boxes  and  cases  for  medicines,  matches,  spices,  and  the  like.  It  is 
claimed  by  the  manufacturers  that  the  colors  are  indelibly  printed  by  a 

*  See  Jour,  of  the  Iron  and  Steel  Institute,  1873|  i,  p.  37. 
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patented  process,  aud  that  they  can  be  varied  at  pleasure,  will  resist  the 
action  of  boiling  acid,  aud  are  neither  affected  by  heat  nor  cold. 

Por  small  parcels  decorated  plates  possess  the  advantage  of  being 
cheaper  than  the  ordinary  paper-labeled  canister,  and  goods  so  packed 
are  preferred  by  dealers,  as  the  covering  is  not  liable  to  damage  from 
either  dust  or  damp ;  the  empty  package,  moreover,  presents  a  perpetual 
advertisement  of  its  former  contents. 

For  show-cards  this  article  is  particularly  adapted,  as  the  covering 
will  resist  the  weather  and  they  can  be  produced  at  a  lower  cost  than 
the  card-board  designs  in  ordinary  use,  the  expense  of  glass  and  fram- 
ing and  the  risk  of  breaking  or  damage  being  entirely  avoided. 
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UNITED  STATES. 

Eepresentation  at  the  exhibition  not  thorough;  Lake  Superior  ores;  Pro- 
duction OF  THE  Lake  Superior  region  ;  Exhibition  of  cast-steel  by  Park 
Brother  &  Co. ;  Iron-ores  of  Essex  County,  New  York  ;  Ores  from  Pennsylt 
VANiA,  Indiana,  and  Alabama;  Rothwell's  Wyoming  map;  Sellers' puddling- 
machine  ;  Sellers*  high  rolls  ;  Production  of  pig-iron  in  the  United  States  ; 
Rolled  iron  ;  Production  of  rails  and  of  Bessemer  and  other  kinds  of  steel  ; 
Statistical  tables  of  production  in  the  United  States. 

158.  There  are  a  few  specimens  of  American  iron -ores  at  the  Exhibi- 
tion, enough  to  direct  attention  to  the  fact  that  we  are  an  iron-prodacing 
country,  but  the  exhibition  is  by  no  means  commensurate  with  oar 
wealth  and  production  of  iron  and  of  steel.  There  are  withal  no  sta- 
tistics, in  a  presentable  form ;  nothing  to  satisfy  the  desire  of  inquirers 
concerning  the  extent  and  distribution  of  the  iron  and  the  coal  of  the 
country.  The  catalogue  is  equally  barren.  There  does  not  appear  to  be 
a  specimen  of  Bessemer  or  Martin's  steel  from  the  United  States;  and 
a  stranger  to  our  metallurgical  industries  Judging  of  the  country  by  what 
he  finds  in  the  Exhibition,  would  infer  that  such  advanced  methods 
of  producing  steel  are  not  yet  introduced.  But  there  is  one  excep- 
tion, of  crucible  steel ;  the  Messrs.  Park,  Brother  &  Co.,  of  Pittsburgh| 
have  sent  a  few  samples  and  a  very  fine  specimen  of  hot  flanging  for  a 
boiler-head,  which  attracted  the  attention  of  the  jury  and  received  a 
medal. 

159.  Lakb  Supeblob  obes. — Mr.  George  B.  Tuttle,  of  Cleveland, 
Ohio,  forwarded  a  very  good  series  of  blocks  of  the  magnetic  and  spec- 
cular  ores  of  the  Lake  Superior  region,  as  received  by  water-transpor- 
tation at  Cleveland  from  Marquette.  The  size  and  evident  purity  of 
these  specimens  attracted  attention.  This  exhibition  would  be  much 
more  instructive  if  accompanied  by  photographs  or  models  of  the  mines 
and  statistics  of  the  production.  The  production,  which  was  some  7,000 
tons  in  the  year  1856,  increased  to  over  a  million  of  tons  in  the  year 
1873. 

The  following  is  a  list  of  the  chief  iron  mines  upon  Lake  Superior, 
with  the  production  in  the  year  1874,  compiled  by  the  editor  of  the 
Marquette  Mining  Journal^  and  cited  by  the  secretary  of  the  American 
Iron  and  Steel  Association : 
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Production  of  Lake  Superior  Mines j  1874. 


JackAon 

New  York 

Cleyeland 

Lake  Superior 

Cbampion 

Washington 

Republic 

Klomau 

Cascade 

Bamam 

Foster 

Salisbary 

LakeAngeline 

Pittsbargh  and  Lake  Superior.. 

Edwards 

Spnrr  Mountain 

Michigamme 

Keystone 

McComber 


105,  (500 

77,010 

108, 580 

114, 074 

46, 769 

28.390 

126,956 

35,086 

16, 931 

41, 403 

3,318 

7,480 

31,526 

1,362 

2,849 

42,068 

45,294 

5,227 

2,641 


Winthrop.* 

Shenango 

Saginaw 

Carr 

Bagaley 

Howell  Hoppock 

Emma 

Goodrich 

Home ■ 

Rolling  MiU 

Teal  Lake 

Excelsior 

Williams 

Allen 

Stewart 

Gilmore 

MUler 

Total. 


8,242 

7,549 

45.486 

948 

541 

966 

726 

3.100 

2.139 

16, 643 

2,610 

1,065 

593 

130 

305 

162 

1,717 


935,488 


The  decrease  in  the  shipments  of  1874,  as  compared  with  the  ship- 
ments of  1873,  was  231,891  tons,  the  production  of  the  year  last  named 
being  1,167,379  tons.  The  product  of  1874  was  almost  as  large  as  that 
of  1872,  which  was  952,055  tons.  Below  is  a  table  showing  the  aggre- 
gate yield  of  all  the  mines  from  1856  to  1874 : 


1856 7,000 

1857 21,000 

1858  31,035 

1859 65,679 

1860 116,908 

1861 45,430 

1862 115,721 

1863  185,257 

1864 235,123 

1865 196,256 

1866 296,972 


466, 076 
507, 813 
633,238 
856, 471 
813, 379 
952, 055 
1, 167, 379 
935,488 


7,648,280 


In  the  year  1873,  the  price  of  Lake  Superior  ores  at  Cleveland  was 
about  $12  before  the  monetary  panic,  and  $10  after  it.  In  1874  the  price 
receded  to  about  $9,  and  then  to  $7  and  $7.50. 

160.  Oast  Steel  op  Park,  Brother  &  Co.— The  samples  of  cruci- 
ble-steel boiler-plate,  sent  by  Messrs.  Park,  Brother  &  Co.,  were  man- 
ufactured by  them  at  their  establishment,  known  as  the  <'  Black  Diamond 
Steel  Works,''  in  Pittsburgh,  Pa. 

The  exhibition  is  confined  to  several  specimens  of  homogeneous  steel 
boiler-plate,  showing  the  strength,  ductility,  and  flanging  capacity  of 
the  metal.  This  class  of  material  produced  in  these  works  has  already 
been  used,  to  some  extent,  on  European  railways,  and  by  other  railways 
abroad  supplied  with  American  locomotive  engines,  in  the  construction 
of  which  the  ^'  Black  Diamond  "^  steel  has  been  used. 
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This  firm  of  Park,  Brotber  &  Co.  was  organized  early  in  the  year 
1862,  and  the  erection  of  the  works  was  commenced  immediately  there- 
after. Their  business  is  the  manufacture  of  all  descriptions  of  bar^ 
plate,  and  sheet  cast-steel,  and,  in  addition,  the  German  or  <*  converted 
steel."  The  process  of  manufacture  originally  adopted  is  that  which  is 
still  in  operation — the  '<  cementation  process."  In  the  production  of 
cast-steel  at  these  works  neither  the  Bessemer,  ^^  Siemens-Martin,"  or 
other  kindred  methods  have  been  used,  their  operations  having  been 
confined  excl  usively  to  crucible  melting. 

Among  the  many  grades  of  steel  produced  the  following  may  be 
enumerated :  Best  cast-steel,  for  machinists'  and  edge  tools,  for  mining, 
drills,  dies,  &c.;  steel  suitable  for  reaping  and  mowing  machines,  plows, 
cultivators,  and  other  agricultural  implements;  homogeneous  steel-plates 
for  locomotive,  stationary,  and  marine  steam-boilers;  steel  for  cotton, 
woolen,  and  other  machinery,  together  with  grades  suitable  for  the 
manufacture  of  Hies,  cutlery,  springs,  saws,  &c 

The  leading  specialties  of  this  establishment  are  best  cast-steel  homo- 
geneous plates,  file-steel,  sheet  cast-steel  for  reaper  and  mower  knives, 
together  with  certain  other  grades  for  various  purposes. 

The  establishment  is  one  of  the  largest  in  the  steel  trade  of  this 
country,  occupying  several  acres  of  land,  and  possessing  extensive  me- 
chanical appliances  for  the  effective  prosecution  of  their  extensive  and 
increasing  business. 

The  average  number  of  men  direc  tly  employed  is  400,  and  the  pro- 
ductive capacity  of  the  works  is  10,000  tons  annually.  The  manufac- 
ture in  the  United  States  of  the  highest  grades  of  cast-steel  is  claimed 
to  have  been  first  fully  developed  in  these  works. 

The  firm  has  participated  with  advantage  in  most  of  the  great  exhi- 
bitions. It  received  a  gratifying  award  at  Paris  in  1867.  They  have 
exhibited  at  London,  Boston,  Cincinnati,  New  Orleans,  and  other  cities, 
receiving  in  the  aggregate  ten  or  twelve  medals.  At  this  Vienna  exhi- 
bition the  jury  has  decreed  a  medal. 

161.  Iron  oees  op  Essex  County,  New  York.— The  rich  magnetic 
iron-ores  of  the  northern  part  of  the  State  of  New  York  are  represented 
by  specimens  sent  by  Messrs.  Witherbee  &  Sherman  from  Port  Henry, 
on  Lake  Champlain.  Among  the  specimens  there  are  several  fine  octa- 
hedral crystals  of  magnetite  from  the  ^'  New  Bed,"  so  called ;  masses 
from  the  old  Sanford  ore-bed,  and  from  other  beds  tributary  to  the  man- 
ufacture of  iron  at  Port  Henry.    No  statistics  given. 

C.  S.  Johnston,  of  New  York  City,  contributes  a  well-prepared  series 
of  specimens  of  the  ores  of  the  Clifton  Iron  Mine  collected  by  Professor 
Silliman  at  the  locality.  They  are  accompanied  by  samples  of  the  flux, 
the  pig-metal,  and  small  blooms,  and  by  a  short  description  in  print) 
giving  the  results  of  analyses.  From  this  description  it  appears  that 
the  property  of  this  company  consists  of  three-quarters  of  the  town  of 
Clifton,  Saint  Lawrence  County,  New  York,  and  embraces  about  23,000 
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acres  of  land,  most  of  it  densely  wooded,  through  which  the  Grass 
River  flows  aboat  nine  miles,  affording  nameroas  and  unfailing  water- 
powers  of  from  10  to  35  feet  fall. 

The  greater  portion  of  the  wood  on  the  entire  tract  is  hard,  composed 
of  beech,  maple,  birch,  and  cherry,  interspersed  with  pine,  spruce,  tam- 
arack, hemlock,  ash,  and  cedar. 

The  mines  include  several  extensive  deposits  of  magnetic  ores,  lying 
mainly  above  water-level.  At  the  principal  bed  the  veins  have  been 
opened  at  several  points,  and  about  15,000  tons  of  ore  taken  therefrom 
have  been  converted  into  neutral  iron,  and  used  for  admixture  with  "  red 
short"  ores,  with  very  satisfactory  results. 

The  ores  are  said  to  yield  from  60  to  65  per  cent,  of  iron  of  remarkable 
tenacity  and  specially  adapted  for  wire  and  crucible  steel  and  for  found- 
ery  purposes.  Their  purity  and  general  characteristics  are  shown  by 
the  following  analyses  of  average  samples  by  Professor  Chandler,  of  the 
Columbia  College  School  of  Mines,  New  York,  October,  1^72: 

The  samples  of  magnetic  iron-ore  from  Prof.  B.  Silliman,  marked  <*A11 
parts  Whim  shaft,  Arendal  vein,"  submitted  to  me  for  examination? 
contain — 

Magnetic  oxide  of  iron 79. 29 

Oxide  of  manganese 0.35 

Alumina  . . . : 3. 45 

Lime 4.46 

Magnesia 3. 09 

Sulphur 0. 35 

Phosphoric  acid 0. 32 

Silicic  acid 8. 32 

Water 0. 51 

100.14 

<■ 

Equivalent  to — 

Metallic  iron 57. 42 

Metallic  manganese 0. 23 

Phosphorus , 0.14 

Sulphur 0. 35 

!N'o,  7,  Magnetic,  (above  lower  tunnel.) 

Magnetic  oxide  of  iron 80. 91 

Oxide  of  manganese 0. 42 

Sulphur 0. 08 

Phosphoric  acid 0. 03 

Silicic  acid 8. 77 

Equivalent  to — 

Metallic  iron 58.  59 

Metallic  manganese 0. 29 

Phosphorus 0.  01 

Sulphur 0.  08 
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TooLEY  Lake,  (new  discovery.) 

Magnetic  oxide  of  iron 75.01 

Oxide  of  manganese 0. 42 

Sulphur 0.08 

Phosphoric  acid 0. 03 

Silicic  acid 13.34 

Equivalent  to — 

Metallic  iron 54.32 

Metallic  manganese 0. 29 

Phosphorus 0. 01 

Sulphur 0. 08 

Sheridan  Vein,  (new  discovery.) 

Magnetic  oxide  of  iron 79. 83 

Oxide  of  manganese 0.72 

Sulphur 0. 41 

Phosphoric  acid trace. 

Silicic  acid 8. 55 

Equivalent  to — 

Metallic  iron 57. 81 

Metallic  manganese 0. 50 

Phosphorus trace. 

Sulphur 0. 41 

A  good  wagon-road  about  twenty-two  miles  long  leads  from  the  prop- 
erty to  De  Kalb  Junction,  on  the  Rome,  Watertown  and  Ogdensburg 
Eailroad,  nineteen  miles  from  Ogdensburg.  A  nearer  route  to  Ogdens- 
burg is  projected. 

162.  Orbs  from  Pennsylvania,  Indiana,  and  Alabama. — E.  C. 
Pechin,  esq.,  of  the  Dunbar  furnace,  Payette  County,  Pennsylvania, 
sends  a  neatly  arranged  collection  of  the  ores,  coal,  coke,  and  iron. 
The  specimens  are  placed  in  a  box  with  partitions,  ahd  the  description 
of  the  specimens  is  added  in  gilded  letters. 

There  are  also  specimens  of  Gonnelsville  coke  and  coal,  sent  by  Prof. 
Amasa  McCoy  and  Philo  !N'orton. 

Prof.  E.  C.  Cox,  the  State  geologist  of  Indiana,  makes  a  fine  display 
of  "  block-coal,"  of  iron-ore,  and  of  pig-iron,  all  from  the  southern  part  of 
Ihe  State. 

Colonel  Wilder,  of  Chattanooga,  Tenn.,  arrived  late  with  an  enor- 
mous block  of  iron-ore,  large  blocks  of  coal,  blooms,  pig-iron,  bar-iron,  &c. 
This  collection  made  a  fine  display,  and  was  honored  by  a  medal. 

163.  EoTHWELL's  Wyoming  Map.— The  iron  resources  of  Alabama 
are  merely  indicated  by  a  few  small  specimens.  This  is  also  the  case 
with  North  Carolina  and  a  few  other  States.  Mr.  R.  P.  Eothwell  for- 
warded some  of  the  Alabama  ores,  and  also  contributed  one  of  his  large 
maps  of  the  Wyoming  anthracite  coal-fields.  This  map,  which  required 
years  of  patient  labor,  was  presented,  at  the  close  of  the  Exhibition,  to 
the  engineer  department  of  Belgium. 


SELl.KRS     PUDDLIKG-JIACHISK. 


104.  Sellbss'  Puddlincj  Machl'^e. — The  rotator.v  i>oddler  exhibited 
by  Mr.  William  Sellers,  of  Pliiladeljiliiii,  haa,  from  tbe  first,  attmeted 
great  atteDtion.  The  novf  Ity  of  its  form,  tbe  single  opeaing  in  front, 
tta  compactDess  and  finish,  and  the  ease  with  which  it  is  maoipnlated, 


all  commend  it  to  the  notice  of  iron-men.  It  is  flask-shaped.  The  flame 
passes  in,  circulates,  and  passes  oat  again  at  tbe  same  end  b;  vhich 
iC  entered,  on  the  opposite  side  of  a  horizontal  partition  which  divides 
theopening.  All  the  other  rotatory  pnddlers  have  openings  at  the  op- 
site  ends,  one  of  which  is  closed  by  a  slidiog-door,  and  is  asedfor 
cbarging  and  discharging.  Tbe  piiddler  is  so  placed  apon  a  frame 
that  it  can  be  swung  away  from  the  furnace  to  permit  of  charging  from 
the  front.  Tlie  parts  most  exposed  to  the  heat  are  protected  on  the 
outside  by  water-jackets.  The  charges  for  this  pnddlerare  to  be  melted 
in  an  aaxiliary  furnace,  saving  not  only  the  lining  of  the  puddler,  bat 
time  and  fuel. 

In  detail,  Mr.  William  Sellers's  rotary  paddling-machine,  which  was 
shown  in  full  size  and  in  motion,  consists  primnrily  of  a  cast-iron  sphe- 
roidal vessel,  or  furnace,  rotating  about  its  longer  axis,  which  is  sup- 
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ported  in  a  horizontal  plane.  It  is  closed,  at  one  end,  by  a  water-back, 
and  is  open  at  the  other  for  the  reception  of  the  charge  of  metal,  and  for 
the  admissuoQ  of  the  gases  in  conibastion. 

This  puddling  "bowl,"  as  it  is  termed,  is  mounted  on  a  cast-iron  frame 
or  carriage,  which  also  supports  the  steam-engine  that  drives  the  ma- 
chinery to  rotate  the  bowl  and  to  move  the  frame  about  its  axis.    The 
frame  is  supported  on  three  points :  a  pintle  or  hinge,  and  two  wheels 
placed  with  their  axes  radial  to  the  pintle.    The  bowl  of  the  puddling- 
machine,  whpin  •^'^^-ing,  has  its  open  end  in  contact  with  an  opening  of 
similar  size  in  the  ;ront  plate  of  a  stack  of  flues.    This  oi>ening,  wh:»n 
exposed  to  view,  shows  the  mouths  of  a  number  of  flues ;  the  up;  er 
ones  conveying  the  gas  and  heated  air  to  the  bowl,  while  a  larger  op  n- 
ing  below — the  "down  take ^ — carries  off  the  products  of  combustion, 
and  leads  them  to  the  "regenerative''  system  below  the  floor.    At  the 
mouths  of  the  upper  flues  the  air  and  gases  mingle  together,  and,  w  .en 
ignited,  enter  the  bowl,  are  driven  to  its  back  end,  there  reverberat .  ng, 
pass-over  its  lower  half,  and  escape  through  the  "  down-take,"  thus  till- 
ing the  bowl  with  an  intensely  hot  flame. 

The  bowl  is  lined  or  fettled  with  lumps  of  refractory  iron-ore,  built 
iu,  like  rough  stone-work,  with  some  quick-setting  cement 

The  "  water-back,"  which  forms  one  end  of  the  bowl,  has  a  projecting 
journal  resting  in  a  bearing,  while  the  other  end  of  the  bowl  is  sup- 
ported on  friction-rollers  in  the  frame. 

The  journal  on  the  water-back  is  hollow,  and  through  it  passes  a  pipe, 
having  one  end  (that  within  the  water-back)  turned  up  in  a  nozzle,  from 
which  the  water  in  escaping  is  thrown  in  a  jet  against  the  upper  surface 
of  the  water-back,  and,  filling  its  lower  half,  flows  out  through  the  hol- 
low journal  into  a  water-pan,  and  is  from  thence  carried  away  in  pipes. 
The  lower  half  of  the  water-back  being  always  filled  with  water,  during 
each  rotation  of  the  bowl  all  parts  of  the  iron  back  ar&,  in  turn,  im- 
mersed, and  thus  kept  cool.  The  exterior  surface  of  the  bowl  is  cooled 
by  jets  of  water  falling  from  a  sprinkler  placed  over  it. 

An  engine  on  one  side  of  the  frame  turns  a  worm  or  tangent  wheel, 
which  gears  into  a  worm-wheel  attached  to  the  water-back,  and  serves 
10  rotate  the  bowl. 

A  spiral  pinion  on  the  engine-shaft  driyes  a  train  of  wheels  which  im- 
parts motion,  in  either  direction,  to  one  of  the  supporting-wheels,  upon 
which  the  frame  moves.  By  means  of  this  connection  the  frame  can  be 
made  to  turn  about  the  fixed  pintle,  like  a  door  on  its  hinges,  alternately 
closing  the  flue-openings  with  the  mouth  of  the  bowl,  or  exposing  them 
to  view  when  it  is  drawn  away  from  the  stack. 

When  open,  or  away  from  the  stack,  the  interior  of  the  bowl  is  acces- 
sible from  its  open  end  for  repairs  or  inspection,  for  the  introduction  of 
the  charge  of  metal,  or  for  the  removal  of  the  puddled  ball.  When 
closed  it  is  in  position  to  receive  the  burning  gas  as  it  escapes  from  the 
flue^.    To  prevent  the  stack  of  flues  from  cooling  during  the  charging 
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of  the  bowl,  a  circular,  concave  lid,  lined  with  fire-brick  and  hung  con- 
veniently to  a  crane,  is  swung  against  the  aperture  in  the  iron  plate  on 
the  stack  usually  covered  by  the  bowl. 

The  cylinder  of  the  operating  steam-engine  is  immediately  over  the 
pintle  about  which  the  frame  turns.  The  various  pipes  for  water  and 
steam  are  all  connected  with  one  stand,  and  are  jointed  in  line  with  the 
center  of  the  pintle,  and  provided  with  proper  stuffing-boxes  to  permit 
them  to  turn  with  ease. 

A  platform  at  the  back  of  the  frame  is  provided  for  the  engine-man. 
Standing  on  this  lie  has  within  easy  reach  the  throttle-valve,  a  friction- 
brake,  (for  sudden  stopping,)  a  lever  to  operate  the  opening  and  closing 
attachments,  and,  also,  a  reversinglevor,  enabling  the  engine  to  run 
backward  or  forward.  A  balance-wheel  is  provided  to  open  and  close 
the  mouth  of  the  bowl  by  hand. 

The  flue-stack  against  which  the  puddler-bowl  closes  is  merely  a  rect- 
angular iron  casing,  within  which  are  constructed  the  various  flues  re- 
quired for  the  heated  air,  the  gas,  and  the  down-take  to  the  regenerator. 
Adoor  at  the  back  of  theflue-stack  can  be  opened  for  the  ready  inspection 
of  the  interior  of  the  bowl  while  it  is  at  work  and  under  heat.  In  prac- 
tice the  charge  having  been  introduced  into  the  puddler,  and  its  mouth 
broaght  up  to  the  flue-stack,  the  ignited  gas  and  air  are  admitted,  and 
burning  within  the  rotating-bowl,  act  upon  the  molten  metal  lying  in 
the  bottom  of  the  bowl.  The  rotation  stirs  up  the  metal,  which,  boiling, 
"  comes  to  nature,"  and  is  aggregated  by  the  tumbling  together  of  the 
particles  of  wrought  iron.  After  this  the  surplus  cinder  can  be  drawn 
off  through  a  tap-hole.  The  bowl  being  then  turned  away  from  the 
flues,  the  puddled  ball  can  be  readily  taken  out  and  carried  to  the 
squeezer  or  hammer. 

If  the  iron  be  charged  as  pig,  the  bowl  is  not  rotated  until  the  metal 
has  melted ;  but  if  the  charge  is  drawn  melted  from  a  cupola,  puddling 
may  begin  as  soon  as  the  bowl  is  brought  up  against  the  stack  and  the 
gases  are  admitted. 

The  international  jury  awarded  a  Medal  of  Merit. 

165.  Sellers's  high  rolls. — A  set  of  high  rolls  from  the  same  estab- 
lishment also  deserves  special  mention.  By  a  simple  hydraulic  arrange- 
ment these  rolls  can  be  set  instantly  at  any  required  distance  apart  A 
man,  at  one  point,  by  a  lever,  <;ontrols  the  movement.  Perfect  paral- 
lelism is  maintained  and,  in  case  of  clogging,  the  rolls  can  be  separated 
without  accident. 

IRON-PRODUCTION  OF  THE  UNITED  STATES. 

166.  Production  op  pio  and  rolled  iron.— In  concluding  this 
brief  notice  of  the  objects  from  the  United  States  at  Vienna,  it  is  deemed 
advisable  to  supplement  it  by  a  brief  statement  of  the  iron-industry  of 
the  country  at  that  period.  The  growth  of  the  pig-iron  branch  of  the 
iron-trade  from  1854  to  1874  is  shown  by  the  following  table,  supplied 
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to  the  aathor  by  Mr.  Swank,  who  has  compiled  it  from  statistics  pro- 
cured by  the  American  Iron  and  Steel  Association.* 

Production  of  pig-iron  in  the  United  StateSf  in  net  tons. 


Years. 


1854 
1P55 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
187'i 
1873 
1874 


Anthracite. 


1. 
1, 
1, 


339,435 
381,886 
443.113 
390.385 
361,  430 
471, 745 
519. 211 
409,229 
470,  315 
577,638 
684,018 
479,558 
749, 367 
798,638 
893.000 
971, 150 
930,000 
956,608 
369,  812 
312, 754 
202,144 


CharooaL 


342,298 
339,922 
270,470 
330,321 
285, 313 
284.041 
278,331 
195,278 
186.660 
212, 005 
241,853 
262.342 
33-2,580 
344,341 
370.000 
392.150 
365,000 
385,000 
500.587 
577.620 
576, 557 


BitomlDOiu; 
coal  and! 
coke. 


TotaL 


54.485 

62.390 

69,554 

77.451 

58,351 

.84.  841 

12*^,228 

127,037 

130,687 

157. 961 

210, 125 

189.682 

268,396 

318. 647 

340,000 

553,341 

570.000 

570,000 

984, 159 

977,904 

910.712 


736.218 

784. 178 

883,137 

798.157 

705, 094 

840.627 

919, 770 

731. 544 

787.662 

947,604 

1,135,996 

931. 5H9 

1. 350, 343 

1.  461. 626 

1, 603, 000 

1.916,641 

1, 865, 000 

1,912,608 

2,854,588 

2.868.278 

2, 689. 413 


The  following  tables,  from  the  same  soarce,  present  a  general  view 
of  the  production  of  all  forms  of  rolled  iron  in  the  country  during 
the  year  1874,  the  production  of  rails  and  of  Bessemer  steel.  In  the 
table  of  rolled  iron  all  forgings,  sucjli  as  anchors,  anvils,  hammered 
axles,  cranks,  ships'  knees,  &c.,  are  carefully  excluded,  owing  to  the 
difficulty  of  getting  exact  returns. 

Production  of  rolled  iron,  1674. 


states. 


Maine 

New  Hampshire 

Vermont 

Massachasetts  .. 
Rhode  Island.... 

Connecticut 

New  York 

New  Jersey 

Pennsylvania  ... 

Delaware 

Maryland 

Virginia 

Georgia 

Alabama 

West  Virginia... 

Kentucky 

Tennessee 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Missouri 

California 

Kansas 


Total. 


II' 

Q 

bSis 


& 


3,994 
300 


40,  334 

7,170 

ll,9Sl 

76.500 

34,645 

343.  G33 

6.860 

8, 4.W 

11.066 

1,406 

1,000 

1.609 

18,339 

1,  .^73 

105, 413 

7,378 

3,500 

4,307 

375 

1,500 

9,305 


•g 

SI 


6,503 


4,000 

3,356 

130, 098 

4. 9.'>8 

18,438 


5,130 
5,14.1 


3,340 
1,553 


10,870 


689, 380 


175,358 


S 


88,819 
3,446 


5,949 
37.643 
75, 151 


5,608 


54,301 

5, 131 

660 

87.353 
7.514 
4,350 


345,609 


9 
N 


•§9 

§1 


i 

I 

o 


14,650 


10,400 
34,765 


46.979 

3,5.T7 

839,388 


48,008 


8,061 


S83 

6.068 

13, 693 

83.  .'Ml 

80.617 

13!),  103 

8,448 
89,680 
34,017 

7.0l«5 

3,000 


18,644 

300 

10.400 

100.500 
10.616 
11.931 

133.518 
58.081 

798,169 
11,818 
68.891 
16,688 
9.467 
1.000 
56.333 
34,  MS 
15.936 

830,  .170 
35,507 

134,093 

8,30ri 

89, 955 

36.3(117 

16,331 

3.000 


739. 413  I  1, 839. 560 


*yi(l(3  report  of  tliu  Hocrctary  of  the  Americau  Iron  and  Steel  Association,  Jauaary 
1,  1375. 
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Secretary  Swank  states :  "  The  total  production  of  all  rolled  iron  in 
1874,  Bessemer  steel  rails  incladed,  was  1,839,560  net  tons,  against 
1,906,445  tons  in  1873,  a  decrease  of  only  120,885  tons.  This  decrease 
was  all  in  rails.  Of  the  total  product  of  the  rolling-mills  in  1874, 
1,110,147  tons  were  rolled  iron  other  than  rails,  against  1,076,368  tons  in 
1873,  an  increase  of  33,779  tons.  The  number  of  tons  of  nail-plate  con- 
sumed in  1874  was  245,609  net  tons,  against  201,235  tons  in  1873,  an 
increase  of  44,374  tons.  The  increase  of  33,779  tons  in  the  aggregate 
production  of  rolled  iron  other  than  rails  in  1874  was,  therefore,  wholly 
in  the  department  of  cut-nails  and  spikes.  The  total  number  of  cut- 
nails  and  spikes  produced  in  1874  was  4,912,180,  against  4,024,704  kegs 
in  1873.^^ 

In  the  production  of  rails  the  State  of  Pennsylvania  takes  the  lead, 
but  in  a  rapidly  diminishing  degree  from  year  to  year  since  1871. 


Prodaction  of  rails  J>y  States^  in  tons. 


states. 


Pennsylvania . . 

Illinois 

Ohio 

New  York 

Maryland 

Wisconsin 

Haasacliosetts . 

Inalana 

Maine 

Missoori 

Tennessee 

New  Jersey.... 

Kentucky 

Georgia 

Michigan 

West  Virginia. 

Vermont 

California 

Kansas 


street,  mine,  and  light  rails 

Total 


16T1. 


336,604 

91, 178 

75,7ri3 

87,0-:^ 

44, 941 

SK,774 

28,864 

12,778 

13,383 

8,900 

9,667 

6,700 

6,000 

7,840 

14,000 

5,000 


775,733 


775,733 


1872. 


419, 529 

106, 916 

121,933 

82,457 

26,472 

37,284 

29,242 

23,893 

14,058 

15,500 

14,620 

9,185 

4,000 

6,930 

9,883 

20,100 


941,992 
58,008 


1, 000, 000 


1873. 


328,532 

136. 102 

130,326 

59,764 

42,356 

39,  495 

34, 034 

26,579 

16,500 

14,020 

13,973 

13, 749 

11,386 

8,275 

4,433 

4,000 

6,088 

475 


890,077 


890,077 


1874. 


259,288 

125, 103 

82,561 

46,970 

48,006 

29,680 

24, 765 

20,617 

14,650 

24,017 

13,693 

3,537 

6,068 

8,061 

2,448 

522 

10,400 

7,016 

2,000 


729,413 


729, 418 


In  1874  there  were  eight  completed  Bessemer  steel  establish  men ts, 
and  the  combined  product  of  steel  rails  exceeded  that  of  1873,  being 
144,944  net  tons  in  1874  against  129,015  net  tons  in  1873. 

Product  of  Bessemer  steel  rails,  1867  to  1874. 1 


1867 
18ft8 

1870 


38,250 

94,  070 

129,  01«'S 

144, 944 


The  annual  production  of  merchantable  Bessemer  steel,  for  all  pnr< 
poses,  is  as  follows : 


1867 
1868 
1869 
1870 


45,000 
110.r)00 
157,000 
176,  579 
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There  were  forty-two  establishments  in  the  year  1874  producing  other 
kinds  of  steel  than  Bessemer,  including  cast,  puddled,  blister,  and  open- 
hearth  steel.  The  production  of  the  latter  is  steadily  increasing,  amount- 
ing in  1874  to  7,000  tons,  against  3,500  tons  in  1873,  and  3,000  tons 
in  1872.  The  total  production  of  crucible-steel  in  the  United  States  in 
1874  is  stated  approximately  as  34,128  tons,  and  of  puddled,  open- 
hearth,  and  blister  steel  as  13,353  tons. 


Production  of  pig-iron  in  1872,  1873,  and  1874,  hy  States. 


states. 


Ifaine 

Vermont 

Masaacbusetts  . 
Connecticat  — 

New  York 

New  Jersey  — 
PeDDsylyania  .. 

Maryland 

Virginia 

North  Carolina. 
South  Carolina . 

Georgia 

Alabama 

Texas 

West  Virginia . 

Kentucky 

Tennessee 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Minnesota 

Missouri , 

Oregon 

Utah..-. 


Total. 


« 
•a 
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9 

1 
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7 

6 
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2 

6 

10 

58 

17 
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23 
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8 

8 

10 

14 

1 

9 

27 

22 

93 

8 

10 

34 

14 

1 

19 

1 
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2 

6 

10 

53 

16 
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22 

35 

8 

8 

8 

11 

1 

6 
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33 

13 
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3 
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50 


41 


46 


2 
2 
17 
2 
2 
2 


63 


•52 

a 


A  00 


8.000 

17, 070 

22,700 

291,155 

103,858 

1.401,497 

63.031 

91,445 

1,073 


2,945 
12,512 
629 
20,796 
67,396 
42,454 

399,743 
39,221 
78,627 

100,222 
65,036 


101, 158 


2,854,558 


On 

cB 


1^ 


780 

3,100 

21.136 

96,977 

996.818 

102,341 

1.389,573 

55.986 

26.475 

1,432 


7,501 
92,283 
280 
93,056 
69,889 
43,134 

406,029 
32,486 
55,796 

193,506 
74,148 


85,552 


2,868,278 


I- 

e 


1,661 

3.450 

97,991 

14, 518 

326.791 

90.150 

1,913,133 

54.556 

99,451 

1,340 


9,786 
39,863 
1.012 
30,  lU 
61.227 
4a  770 

495,001 
13.732 
37.946 

136.662 
50,792 


75,817 

9,500 

900 


2.689,413 


*  Two  furnaces,  not  included  here,  were  abandoned  in  1874 ;  one  in  Ohio,  and  one  in  Missouri. 
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Michigan 


924 


500 


ANTHRACITE. 


M»84Ai;biis<^tts  - 

1 
28 
10 

29 

30 

8 

20 

87 

3 
1 

130 

1 
41 
17 

47 
43 
25 
37 

152 

1 
36 
16 

47 

40 
25 
37 

149 

4 
1 

207 

4,950 
971,343 
103,858 

5.432 
967,489 
102.341 

10,214 

298.428 

90,150 

New  York.... 

13 
7 

18 
13 
17 
17 

65 

2 

3 

•  •  *  ■ 

4 

3 

1 

8 

5 

1 

"3 

2 

1 

3 
3 

1 
2 

3 
3 
3 

1 

10 

9 
3 

6 
5 
1 
4 

16 

9 
9 

•  «•  ■  ■ 

3 
3 
4 

10 

New  Jersey 

PennRjlvania: 
Lohigh 

449.663 
939,925 
127,260 
159,304 

389,969 
936,409 
129,304 
157,403 

316,789 
939,490 

SchnylkiU 

ITpper  Snnqnehanna 

88,243 

Lower  Susquehanna 

3 

I 

4 
10 

137,556 

Total  of  Pennsylvania 

968,453 

913,085 

775,008 

Mar^'land 



5 

1 

217 

91,908 

90.407 
4.000 

99.344 

Virginia 

.... 

6.000 

87 

11 

10 

13 

.  1» 

Total •. 

91 

14 

1,369,8121,319,754 

1,902,144 
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CHARCOAL  AND  BITUMINOUS  COAL. 


SUtea. 


Vir^nia  . 
AJabama 
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Is 
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1,340 
2,400 


2, 400!        3, 740 


BITUMINOUS  COAL  AND  COKE. 


Pennsylvania : 

Shenanfso  Valley 

Alleffhenv  Conntr. ......... 

16 

5 

13 

.34 

16 

6 

19 

""i 

32 
11 
32 

75 

4 

31 
11 
32 

74 

4 

J 

2 

5 
4 

9 

•  a  a  ■ 

1 
2 

3 

1 
2 
4 

2 

160,188 
110,599 
117,224 

160,831 
158,789 
111,014 

156,  419 
143.660 

MitfceUaneonfl -  r^-r.-- 

1 

1 
3 

97,968 

Total  of  Pennsylvania 

• 

41 
4 

1 

388,011 

430.634 

307,147 

Marylan<l , , .,.,r 

18,079 

5,264 

7.209 

Yirelnia 

1 
1 

North  (/aroliDA.  ..«..#  ...,...r 

• 

. 

GeoTf^a - 

1 
3 
3 
S 

3 
17 
11 

31 

3 

3 
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1 

t5 
4 
4 
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a 
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3 
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1 
1 

1 
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26,734 
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West  Virginia 
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1 
2 

7 

11 

7 

85 

4 

7 
2 

8 

96 

"i 

1 

1 

19,646 

27.697 

8,360 
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27,670 
8.609 
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Tenn  easee 

1 

1 

1 

3 

5 

1 

1 

3 
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fianirinff  Book.............. 
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18 
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28 

16 

3 
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23,169 
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98,601 
157, 886 
119. 042 

96,015 

Mfthonincr  Vallev .... 

154,287 
151, 864 

ytwnflllAiiiwnii ^, ,, 

1 

5 

Total  of  Ohio 

56 

51 

6 

« 

8 
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1 

304, 121 

39,291 
78,627 
13,382 
55,569 

305,531 

332,166 

Indiana 

7 

10 

3 

8 
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7 
10 

3 
19 

167 

2 

*  a  a  • 

•  a  a  a 

2 

32,486 

55,796 

795 

46,016 

11,632 

Illinois 

■   a  a   • 

2 

37,946 

Michifiran . ............ 

3. 672 

MiSilOliri    ....-,...rt,rrr.lr^ri 

10 

2 
14 

1 

1 

2 

96,784 

81 

Total 

20 

16 

24 

946. 913 

933,900 

884,872 

t  One  Stack  altered  from  cliarGoaL 


^  One  stack  torn  down. 
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Stock  of  pig-iron  unsold  December  31, 1874. 


StateB  and  districta. 


New  Englandli  and  New  York. 
New  Jersey 


Pennsylvania : 

Charcoal 

Lehigh  Valley 

SchnylkiU 

I7pi>er  Susquehanna 
Ix>wer  Susqaehanna 
Shenanjico 

Allegheny  County... 
Mis^laneous 


Total  for  Pennsylvania 


Maryland 

Southern  States. 
West  Virginia.. 

Kentucky 

Tennessee 


Ohio: 

Hanging  Bock 

Mahoning  Valley. 
Miscellaneous  .... 


Total  for  Ohio 


Michigan  and  Indiana** 

Illinois 

Wisconsin 

Missouri 


Grand  total. 


O 
hi 


101,096 
37,95!) 


S8,791 
40, 787 
12,868 
22,990 


105,436 


4,497 


248. 988 


9 

ri  a 


•  S 
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18 


87,650 
12  230 
15,591 


115, 471 


3,853 
1,008 
5,601 
8,080 
2,781 


11,450 
25,  tn 
11,952 


49,179 


8.796 
7,229 


11,500 


213,498 


S  * 
9 

I*- 


2,981 


2,981 
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SB 

S  a 


10,680 


11,225 


11,225 


1,221 

17,235 

870 

20,657 

23,765 


50,717 

'io,m 


61,325 


53,558 


8,699 
38,764 


247,999 


.a 


26,448 


10,308 


10,308 


6.387 
17,  818 
2,500 
4,255 
1,220 


7,580 


7,580 


4.333 


439 
1,030 


82,318 


a 

s 

o 

a 

3 

o 
H 


138,224 
37.959 


21,533 
28,791 
40,787 
12,868 
22,990 
87,650 
12,230 
15, 591 


242.440 


15,958 
39,042 
8,971 
32,992 
27,766 


69,747 
25,777 
22,560 


118, 084 


66,687 
7.229 
9,138 

51,294 


795, 784 


IfNew  England  has  but  one  anthracite  furnace. 


**  Indiana  has  but  one  charcoal  fiimaoe. 
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CHAPTER   IX. 


JAPAN,  CHINA,  TURKESTAN,  INDIA,  NEW  ZEALAND,  AND 

AUSTRALIA. 

The  iron-ores  and  the  steel  of  Japan  ;  Japanese  furnace  ;  Chinese  exhibit 
OF  ikon-ores  and  iron  from  the  marine  arsenal  at  Fouchow;  Native  cast- 
ings FROM  Turkestan  ;  Iron  and  steel  of  British  India  ;  Indian  coals  ; 
Native  furnace  and  methods  of  producing  iron  ;  Wootz  or  Indian  steel  ; 
Buttons  and  forged  ingots  op  ;  Deposits  of  iron-orb  ;  New  Zealand  ;  Ilfra- 
COMBB  Iron  Company's  steel  bell. 

167.  Thb  iron-orbs  and  the  steel  of  Japan. — The  Japanese, 
who  have  entered  most  intelligently  into  the  trae  spirit  of  the  exhibition, 
have  broaght  with  them  the  best  collection  of  their  minerals  yet  seen 
abroad.  In  this  collection  we  find  their  iron-ores  chiefly  in  the  form  of 
iron-sand  from  the  beaches  of  the  volcanic  shores  of  Kipon  and  Yesso. 
Magnetic  and  limonite  ore^  are  not  wanting,  but  the  disintegrated  sandy 
ore  is  most  used,  being  better  snited  than  the  massive  ores  to  their 
primitive  methods  of  manufacture.  Their  fuel  is  charcoal,  and  it  is 
piled,  together  with  the  ore,  in  small  quadrangular  furnaces  about  20 
feet  high.  The  blast  is  thrown  in  at  the  side  from  double  bellows, 
worked  by  hand,  and  when  sufficient  ore  has  been  reduced  to  form  a 
bloom  an  opening  is  made  in  the  front  of  the  furnace,  and  the  mass  is 
pulled  out  and  forged  by  hand.  After  several  reheatings  and  forgings, 
rough  disks  of  iron  are  obtained,  which  are  cut  up  by  chisels  into  short 
strips  or  bars  ready  for  sale.  A  series  of  such  bars,  ranging  from  one 
to  two  feet  in  length,  are  in  the  collection. 

There  is  also  a  model  of  the  furnace  commonly  used.  It  has  a  square 
base  and  a  pyramidal  shaft,  with  an  opening  in  front  and  two  tuyere- 
holes  on  opposite  sides.  The  model  is  one-twentieth  of  the  size  of  the 
furnace,  and  from  this  the  dimensions  which  follow  are  taken :  Base,  10 
feet  square;  height,  5  feet  10  inches;  stack,  25  feet  high.  It  appears 
to  be  like  the  old  German  oven  or  ^'  stuhl "  furnace,  in  which  blooms 
only  were  made  and  pig-iron  was  an  accidental  product.  The  bottom 
or  hearth  is  filled  with  charcoal  and  ashes,  then  the  stack  is  similarly 
lined.  A  square  opening  is  left  in  the  back  for  charging  the  ore  and 
fuel. 

About  the  year  1860  an  attempt  was  made  to  work  the  sand-ore  of 
Yesso  in  a  high  blast-furnace,  built  after  a  European  model,  by  Takeda, 
a  talented  Japanese  engineer,  but  it  was  abandoned  after  an  inspection 
and  report  to  the  government  by  the  writer  and  Mr.  Pumpelly.    Since 
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then,  near  Yamukshinai,  on  Volcano  Bay,  small  furnaces  have  been 
erected  for  making  blooms.  The  furnace  is  torn  down  in  front  upon  the 
completion  of  the  process  for  each  charge.  The  bloom  generally  weighs 
about  one-third  as  much  as  the  charge.* 

Magnetic  iron-ore  of  good  quality  exists  in  Nambu,  at  the  northern 
end  of  Nipon,  and  has  been  successfully  worked  by  Mr.  Ohosima. 

In  addition  to  the  bar-iron  a  great  many  samples  of  steel  were  shown. 
The  steel  is  peculiar,  and  the  precise  method  of  its  manufacture  is  not 
known.  It  is  in  irregular,  spongy,  or  cellular  masses,  looking  like  slag 
or  some  meteorites.  Although  sufficiently  brittle  to  be  broken  up  into 
fragments,  as  desired  by  purchasers,  it  is  malleable,  and  may  be  wrought 
into  bars.  The  quality  is  excellent.  Some  of  these  specimens  of  steel 
were  from  the  north  part  of  Ohoisiu,  or  near  it,  and  are  called  ^^  mother  ot 
bar-steel ;"  others  are  from  Hakoni,  near  Fusi-no-yama  and  from  Oisiu. 

168.  China. — ^The  short  and  roughly-forged  blooms  and  bars  of  iron 
sent  from  the  interior  of  China  show  that  methods  of  production  simi- 
lar to  those  of  Japan  prevail  there.  The  work  of  developing  the  vast 
deposits,  both  of  ore  and  of  coal,  which  that  country  is  known  to  pos- 
sess has  not  yet  commenced  on  a  large  scale  under  the  direction  of  for- 
eigners, but  there  is  a  large  government  establishment  at  the  Fouchow 
marine  arsenal,  province  of  Foukien,  which  was  represented  in  an  inter- 
esting manner  in  the  Chinese  section.  At  this  establishment  the  native 
iron  product  of  Foukien  and  the  surrounding  country  is  worked  up  into 
merchantable  bars  and  rods.  The  works  are  superintended  by  foreign- 
ers employed  by  the  government,  under  a  commission  from  Pekin,  Pros- 
per Gujal  director,  assisted  by  a  committee  of  four  mandarins  of 
high  rank.  Some  2,500  Chinese  are  employed,  and  there  are  130  offi- 
cers and  superintendents.  The  list  includes  600  carpenters  and  marines, 
800  workmen  and  apprentices,  500  laborers,  500  soldiers,  130  officers  and 
superintendents. 

This  establishment  sends  a  very  interesting  series  of  its  products, 
consisting  chiefly  of  forged  bars  and  rods  bent  and  broken  in  various 
ways  to  exhibit  the  quality,  and  all  of  which  show  a  high  degree  of  ex- 
cellence. The  greater  part  of  the  native  iron  is  delivered  to  the  works 
in  the  shape  of  small  blooms  weighing  only  four  or  five  pounds.  The 
ore,  a  fine  black  sand,  like  old-fashioned  desk-sand,  is  a  mixture  of  ordi- 
nary quartz  river-sand  with  magnetic  iron-sand,  and  is  obtained  by 
washing  the  river-sand,  which  sometimes  does  not  yield  over  1^  to  2  per 
cent,  of  ore.  Five  hundred  pounds  of  ore  yield,  in  their  rude  furnaces, 
about  one  hundred  and  fifty  pounds  of  impure  iron,  which,  by  reheating 
and  forging,  is  finally  reduced  to  only  eighty-three  pounds.  When  these 
rough  blooms  and  bars  are  combined  and  forged  into  commercial  bars 
there  is  a  further  loss,  but  a  very  tough  and  fibrous  iron  is  obtained. 
A  very  considerable  quantity  of  old  iron  from  condemned  vessels,  wrecks, 
and  other  sources  is  obtained  at  the  sea-ports,  and  this  is  also  worked 

*  BlakistoD,  Journey  in  Yesso,  Jour.  Geog.  Soc.,  1872, 136. 
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np  at  the  arsenal.  This  establishment  has  been  in  successfal  operation 
since  October^  1867,  and  appears  to  be  giving  not  only  important  com- 
mercial results  bat  to  be  educating  a  great  number  of  the  Chinese  in 
western  industrial  methods. 

169.  Central  Asia — Turkestan. — ^There  are  interesting  specimens 
of  native  castings  from  Turkestan,  made,  in  part  at  least,  according  t/O 
the  catalogue  published  by  the  imperial  Russian  commission,  by  melt- 
ing up  the  broken  and  disused  imported  iron  castings.  The  furnaces 
are  very  rude.  They  line  the  interior  of  a  cast-iron  pot  with  a  layer  of 
clay  1^  inches  thick  and  All  it  with  charcoal,  lighted  at  the  bot- 
tom. A  blast  is  thrown  in  from  a  tuyere  just  above  the  edge  of  the 
vessel  and  is  directed  downward  toward  the  bottom.  The  charge  of 
cast  iron  is  piled  upon  the  charcoal  in  pieces  weighing  from  twenty  to 
sixty  pounds.  Charcoal  and  more  iron  are  added,  as  needed,  until  the 
pot  is  filled  with  molten  iron.  The  slags  and  scorisB  being  skimmed  off, 
the  iron  is  dipped  out  and  the  castings  are  made  in  moist  sand.  The 
blast  is  obtained  from  two  leather  sacks  fitted  with  valves  and  worked 
by  hand,  so  as  to  give  a  nearly  continuous  blast. 

BRITISH  INDIA. 

170.  The  iron  and  steel  products  of  British  India  are  shown  in  the 
Indian  collection,  where  we  find  a  great  variety  of  iron-ores  and  coals, 
one  variety  of  the  latter  giving  a  very  superior  coke  well  adapted  to  the 
production  of  iron.  Large  blocks  of  magnetic,  specular,  and  hematite 
ores  bear  witness  to  the  wealth  of  India  in  the  raw  material,  while  the 
diminutive  bars  and  hand-made  blooms  show  that  the  industry  of  iron 
has  not  made  progress  generally  beyond  the  primitive  methods. 

Through  the  labors  of  Dr.  Oldham  and  his  assistants  of  the  geological 
survey  of  India,  the  great  resources  of  that  country  in  ores  of  iron  have 
been  made  known.  Superior  magnetic  ore  exists  in  mountain  masses 
near  Salem  and  other  places.  Three  separate  attempts  have  been  made 
to  establish  the  manufacture  of  iron  in  India  on  a  large  scale,  and  con- 
siderable British  capital,  aided  by  the  government,  has  been  invested 
there,  but  up  to  this  time  without  adequate  success.  Nothing  has  been 
done  in  this  direction  for  several  years,  but  renewed  attention  is  being 
given  to  the  subject,  and  Mr.  Bauerman,  a  mining  engineer,  has  been 
sent  out  from  England  to  examine  and  report  upon  the  mines,  with  a 
view  to  the  erection  of  iron  works  on  a  large  scale.  One  of  the  great 
difficulties  want  of  proper  fuel — ^has  been  removed  by  the  discovery  of 
a  bed  of  good  coking  coal.  The  India  coals  belong  not  to  the  Carbonif- 
erous but  to  the  Triassic  series,  and  are  allied,  in  their  nature  and  age, 
to  those  of  China. 

The  native  production  of  iron  is  confined  to  the  poorer  classes.  They 
make  plow-points,  spades,  &c.,  but  for  wagon-tires  they  prefer  foreign 
bars.  The  method  of  working  was  clearly  shown  by  a  very  interesting 
model  of  a  native  iron  furnace  and  its  surroundings,  showing  the  whole 
operation  of  smelting,  forging,  and  reheating.    The  ore  is  broken  up  by 
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ing.  The  mines  are  all  worked  with  ancovered  lamps.  No  Carbonifer- 
oas  coal  is  known  in  India,  but  it  is  sapposed  that  there  may  be  some 
in  Burmah. 

New  Zealand. — The  New  Zealand  court  of  the  Exhibition  contained 
a  variety  of  specimens  of  magnetic,  specalar,  and  limonite  ores,  sent  by 
the  Colonial  Museum.  Among  these  the  following  may  be  noted: 
Magnetic  iron-ore  from  Dun  Mountain,  Nelson,  forming  a  vein  16  inches 
thick  in  serpentinous  strata,  also  from  Otago  in  mica  schists.  Specular 
ore  (hematite)  from  the  same  localities,  in  regular  veins  in  greenstone, 
(at  Dun  Mountain,)  and  in  a  6-foot  vein  at  Shotover,  Otago.  The  black- 
iron  sand  from  the  beach  at  Taranaki  was  also  represented,  together 
with  blooms  and  ingots,  and  bars  of  titanic  st^  and  of  workable  steel. 
The  ingot  is  a  spongy,  porous  mass  internally,  but  is  compact  at  the 
surface  and  edges.  The  bar  of  crude  titanic  steel  is  16  by  1^  by  \ 
inches. 

The  Ilfracombe  Iron  Company  exhibited  a  bell  of  fine  tone,  cast  &om 
the  steel  made  by  the  company. 


CHAPTER  X. 


HYDRAULIC  FORGING. 

TaB  PARTS  OF  LOCOMOTIVKS  SHOWN  BY  HaSWELL,  AT  YlSNKA ;    EtCHSD   8URFACB8| 
SXHIBITINO  THE  **irLOW"  OR  STRUCTURE;    THE  PROCESS  AT  THE  STATE   RaU.WAT 

Works;  Forging  ingots,  car-wheels,  and  boiler-heads;  Translation  of 
Haswell's  memoir;  The  press;  Wrought-iron  cross-heads;  Journal-boxes; 
Link  motion  sliding-b locks  ;  Ctlinder-heads  ;  Locomotive  wheels  and  cranks  ; 
Iklustrations  of  the  manufacture  of  car- wheels  under  the  press. 

174.  The  Aastrian  section  contains  examples  of  saccessfal  forging  of 
intricate  objects  of  large  size  in  iron  and  steel,  by  Mr.  Haswell,  engineer 
of  tbe  Imperial  State  Railway  Works,  at  Vienna.  The  objects  shown 
are  chiefly  axle-box  frames,  cross-heads  for  locomotive  pistons,  link-bars, 
&c.,  and  have  been  sliced  longitndinally  and  then  etched  with  acid  so 
as  to  develop  the  grain  or  fiber  and  show  its  flow  in  the  mold  and  gen- 
eral conformity  to  the  shape  of  the  object. 

175.  This  method  of  forging,  known  a&  '<  Haswell's  system,''  has  been 
carried  by  him  to  a  great  degree  of  perfection,  and  is  used  in  Vienna 
with  great  economy,  while  it  gives  resalts  snperior  to  those  obtained  by 
the  ordinary  methods.  It  consists  essentially  in  forcing  or  pressing 
iron  or  steel,  while  at  a  welding  heat,  into  snitable  molds  by  means  of 
the  hydranlic  press,  carrying  a  follower  or  ^<  st-amp"  npon  the  end  of  the 
piston.  Both  the  mold  and  the  stamp  are  nsed  cold.  Ingots  or  bars 
may  be  similarly  forged  or  drawn  down  without  a  mold  npon  an  anvil, 
without  giying  any  blow  or  shock,  as  there  is  of  necessity  when  heavy 
steam-hammers  are  used. 

By  the  courtesy  of  Mr.  Haswell  I  was  admitted  to  the  works,  and 
shown  the  operation  of  the  two  powerful  hydraulic  presses  upon  both 
ingots  and  parts  of  locomotives. 

The  small  press  with  an  18-inch  piston  gives  600  tons  pressure,  and 
the  large  press  with  a  piston  24  inches  in  diameter  gives  1,200  tons 
pressure.    The  pressure  in  the  pumps  is  600  atmospheres. 

A  soft  Bessemer-steel  ingot,  weighing  2,030  pounds,  was  forged  under 
the  large  press,  and  yielded  noiselessly  to  the  pressure  as  if  it  had  been 
putty  or  soft  cheese.  As  the  piston-head  descends,  the  metal  is  forced 
each  way,  and  the  pressure  visibly  extends  to  the  very  center  of  the 
mass,  as  shown  by  the  movements  of  the  lines  of  scale  at  the  sides. 
The  ends  of  the  ingot  are  bulged  out  at  the  center,  and  not  drawn  over 
at  the  surface,  as  is  often  the  case  with  hammer-forging,  which,  com- 
pared with  hydraulic-press  forging,  seems  very  superficial.  Under  the 
171 
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press,  the  whole  mass  of  the  ingot  is  affected.  One  great  ad^antage'of 
this  method  is  the  avoidance  of  great  shocks,  attendant  apon  the  ase  of 
ponderous  steam-hammers. 

176.  In  forging  intricate  pieces,  the  molds  are  so.  made  that  they 
can  be  taken  apart,  and  are  held  daring  the  forging  by  strong  bands. 
The  follower,  or  stamp,  is  made  of  cast  iron.  The  inside  of  the  mold  is 
oiled  with  old  grease  from  railway-boxes.  A  lump  of  white-hot  steel  of 
the  proper  weight  is  thrown  in ;  the  stamp  descends  upon  it  and  forces 
the  metal  into  every  recess  and  angle  of  the  mold.  Any  excess  of 
metal  rises  at  the  sides  of  the  stamp,  and  is  cut  off  when  cold.  Such 
forgings  are  alike  in  size  and  weight,  and,  of  course,  require  much  less 
trimming  and  fitting  to  bring  them  into  shape  for  finishing.  Care  is 
required,  of  course,  to  get  the  right  quantity  of  metal,  to  avoid  a  defi- 
ciency or  an  excess. 

The  method  is  successfully  applied  to  the  manufacture  of  car-wh^ls, 
the  spokes  and  parts  of  the  hub  being  forged  in  o  ne  piece,  together 
with  the  crank-piE.  Boiler-heads  are  made  under  the  press  in  two 
heats.  They  are  forced  through  a  ring,  and  come  out  very  true  and  per- 
fect in  form. 

177.  The  importance  of  this  method  of  manufacture  to  the  industries 
of  the  United  States  justifies  more  than  this  brief  notice,  and  a^  Mr. 
Haswell  favored  me  with  an  illustrated  copy  of  his  descriptive  brochure 
published  in  German  in  Vienna,  I  have  had  it  translated  and  abridged 
for  this  report,  and  append  it.* 

MANUFACTUEB   OF   PABTS   OF  LOCOMOTIVES  BY  PEESSUKE. 

By  Robert  Lanb  Haswell. 

[TransUtion.] 

Forging  by  the  action  of  Haswell's  patent  hydraulic-press,  which  waa 
for  the  first  time  attempted  in  the  machine-shops  of  the  Austrian  States 
Bailroad  Gompany,  in  1861,  has  since  been  so  materially  improved,  that 
at  the  present  time  there  are  but  few  parts  of  a  locomotive  which  can- 
not be  made  by  this  method. 

It  may  be  said  that  this  process  is  essentially  identical  with  the  com- 
mon process  of  swaging  with  the  steam-hammer,  but  to  the  close 
observer  it  is  evident  that  Haswell's  system  greatly  excels,  since  the 
pieces  made  by  it  are  much  more  perfectly  shaped,  and  by  it  it  is  pos- 
sible to  press  out  such  pieces  or  parts  which  could  not  be  hammered  out 
with  the  swage-hammer;  and  further,  this  process  is  much  more  econom- 
ical ;  renders  it  possible  to  produce  those  parts  of  a  locomotive  which 
hitherto  have  been  made  of  two  or  more  pieces  in  one  piece ;  and  lastly, 
there  is  a  great  saving  of  time  and  therefore  of  money. 

*  Fabrioatiou  von  Locomotiv-Bestaadtheilea  duroU  Pressea  system  Haswell.  Von 
Robert  Lane  Haswell.  Mit  5  Tafeln.  Wien,  1873.  (Separat-Abdrack  aua  der  Zeit- 
Bchrift  des  osterrelchischeu  lugenieur-  and  Architekten-Vereines,  XII.  u.  XV.  Heft. 
1872.) 
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Some  pieces  which  were  made  by  this  process  at  the  works  of  the 
States  Railroad  Company,  and  which  were  exhibited  at  Paris  in  1867^ 
were  so  complete  that  they  were  taken  for  cast  iron  by  French  and 
English  engineers,  and  it  is  a  thing  of  great  importance  that  a  great 
many  complicated  pieces  can  be  made  by  this  process  at  the  same  cost 
as  castings. 

The  quality  of  the  work  prodnced  by  this  process,  we  may  say,  is  of 
the  very  best,  in  conseqaence  of  the  immense  pressure  brought  to  bear 
upon  the  material,  and  the  process  is  particularly  valuable  for  making 
articles  out  of  Bessemer  steel,  since  a  steady  pressure  is  much  better 
adapted  to  this  material  than  hammering.  The  many  experiments 
which  have  been  made  have  been  so  successful  that  we  are  justified  in 
making  the  assertion  that  very  soon  no  other  process  of  forging  will  be 
employed.  The  most  profitable  application  of  this  process  is,  without 
doubt,  found  in  the  manufacture  of  the  more  complicated  forms.  Borsig 
and  Schwartzkopff,  at  Berlin,  have  two  patent  Haswell  presses,  one  of 
24,000  cwt.,  and  another  of  60,000  cwt.  At  Niederbroun,  a  press  of  24,000 
cwt.  is  building,  and  in  England  two  are  now  in  operation. 

Every  one  who  has  anything  to  do  with  the  building  of  locomotives 
knows  how  difficult  it  is,  how  long  it  takes,  and  what  great  expense  is 
involved ;  therefore,  convinced  of  the  immense  advantage  of  this  method, 
I  have  decided  to  describe  in  detail  the  exact  processes  which  are  em- 
ployed in  the  Imperial  States  Railway  Locomotive  shops,  under  the 
special  direction  of  the  patentee,  Mr.  John  Haswell,  hoping  thereby  to 
show  to  others  the  advantage,  and  to  hasten  the  introduction  of  a  sys- 
tem of  forging  which  is  not  so  commonly  understood  as  it  deserves 
to  be. 

178.  The  Hydraulic  Press.— The  press  used  in  the  manufacture  of 
the  pieces  here  treated  of  has  a  power  of  15,000  cwt.,  and  a  stroke 
of  20  inches.  It  is  easy  to  see  that  such  an  apparatus  is  cheaper 
than  a  steam-hammer,  since  no  such  heavy  foundations  are  required; 
and  it  is  therefore  more  suitable  for  small  establishments. 

179.  Wroughtiron  cross-heads. — In  the  manufacture,  under  the 
press,  of  locomotive  cross-heads,  the  masses  of  iron  to  be  pressed  out  are 
made  in  the  usual  manner  by  forging  together  refuse  pieces  of  scrap 
and  sheet  iron.  The  weight  of  a  bloom  to  make  six  cross-heads  is  13  cwt. 
These  blooms  are  hammered  out,  under  a  steam-hammer  of  80  cwt., 
to  a  length  of  about  7  feet,  a  breadth  of  11  inches,  and  a  thickness  of 
7  inches.  The  bloom  is  then  cut  into  six  equal  parts,  and  the  pieces 
cnt  down  till  they  weigh  about  190  or  195  pounds  each,  and  will  easily 
go  into  the  mold. 

The  pieces  are  placed  in  a  common  heating-furnace  while  still  warm. 
The  pressing  is  done  at  a  single  stroke,  in  the  cast-iron  mold  placed 
upon  the  bed  of  the  press.    See  Fig.  111. 

The  mold,  as  shown  in  the  figure,  consists  of  two  parts,  the  upper 
and  lower,  a  and  ft,  which  are  inclosed  in  the  wrought-iron  blocks  d.   The 
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fona  of  the  cross-bead  is  impressed  into  the  upper  part,  aod  in  the 
loweTipart,  b,  the  form  of  the  rest  of  the  cross-head  is  made  by  the  coni- 
cal ,atde  pieces  c  e.  These  pieces  are  so  made  as  to  permit  of  their  re- 
moTal,from  the  mold  with  the  cross-head.  The  disk  /  determines  the 
height  of  the  shonlder  for  the  piaton-rod,  and  caD  be  made  thicker  or 
thinner  as  desired.  The  disk:/,  also  the  ^de  pieces  c  c,  are  pnt  into  the 
lower  mold  from  above  before  the  parts  a  and  b  are  put  together.  G  is 
the  die  which  is  fastened  to  the  head  of  the  press,  and  which  closes  op 
the  mold  at  A  /t  as  far  as  the  canals  j)  p,  (which  must  be  kept  open  for 


Pig.         —Harwell's  press,  vertical  section. 

the  exit  of  the  air,)  where  it  meets  the  prolonged  side  of  tbe  cross-head. 
The  die  G  consists  of  two  parts,  g  g,  of  which  the  upper  part  is  made  of 
cast  iron,  bub  the  lower  part  mast  be  made  of  cast  steel,  on  account  of 
its  rapid  destractioii  by  burning  off.  The  two  bed  plates,  q  q,  limit  the 
stroke  of  the  press,  and  consequently  the  thickness  and  height  of  tbe 
cross-head.  Tbe  mold  rests  apon  a  bed-plate,  o  o,  (upon  the  height  of 
which  depends  tbe  length  of  stroke  of  the  press,)  and  this  bed-plate  is 
placed  upon  a  slide  to  permit  of  its  being  moved  to  the  right  or  to  the 
left  from  nuder  tbe  press.  After  the  mold  has  been  placed  in  the  right 
position  beneath  the  die,  the  props  are  adjusted  to  keep  it  in  its  proper 
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place  dariDg  the  operation  of  pressing  and  the  inside  is  greaaed  to  facili- 
tate the  removal  of  the  pressed  piece. 

!;^The  iron  to  be  pressed  mast  be  at  a  strong  welding  heat  when  placed 
ID  the  mold,  and  one  single  pressure  then  prodnces  the  cross-head.  To 
take  the  flnisbed  cross-bead  from  the  mold,  there  are  on  the  oatside  of 
the  apper  part  two  atrong  iron  hooks,  u  u,  by  which  it  is  fastened  to  the 
bead  of  tbe  press  at  m  m  with  chains  after  the  removal  of  the  props. 
The  side  pieces  c  c,  as  shown  in  Fig.  112,  start  trom  the  lower  mold 


PlO.  112.— Has  well '8  presa.  > 

when  the  npper  mold  is  drawn  up,  and  are  separated  from  the  cross* 
head  by  a  gentle  stroke  of  tbe  hammer.  The  lower  mold  is  then  re- 
moved from  beneath  the  press  by  means  of  the  fore-mentioned  slide,  (see 
Fig.  Ill,)  and  the  npper  mold  put  npon  the  fonndatioD  A?ame  b  &,  which 
comes  to  stand  in  place  of  the  former  mold.  The  chains  are  now  re- 
moved, the  die  G  raised  oat  of  the  mold  as  shown  in  figure  112;  the 
pieces  g  g,  which  fit  in  the  mold  on  the  side  of  the  die  at  Z,  are  placed 
in  position  against  the  top  of  the  cross-head,  and  then,  by  a  gentle  pres- 
sare,  tbe  finished  cross-head  is  forced  oat  of  the  mold. 

General  remarks. — En  the  mannfactnre  of  cross-heads,  bed-plates,  Jour- 
nal-boxes, aud  all  such  parts  as  must  be  made  in  a  closed  space,  tbe 
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weight  of  the  piece  which  is  to  be  pressed  must  be  exact,  as  this  is  the 
most  certain  way  to  insure  the  right  dimensions.  The  piece  must  more- 
over have  but  little  play-room  in  the  mold,  as  the  process  of  pressing  is 
very  rapid^  and  the  product  might  be  uneven  if  permitted  to  move  dur- 
ing the  pressing.  Immediately  before  pressing  it  is  a  good  rule  to  throw 
in  a  few  handfulls  of  hard  coal-dust  upon  the  white  hot  piece  in  the 
mold.  This  produces  gas,  which  explodes  on  raising  the  die,  and  there- 
by tends  to  loosen  the  pressed  piece  in  the  mold. 

Two  furnaces,  one  for  the  hammer  and  one  for  the  press,  will  produce 
from  25  to  30  cross-heads  in  ten  hours. 

The  cost  of  cross-heads  made  by  this  process  is  about  ten  florins  per 
hundred-weight. 

180.  WBOuaHT-moN  joxjenal-boxes.— En  the  manufacture  of  jour- 
nal boxes  of  wrought  iron,  the  forging  of  the  blooms,  made  in  the  same 
manner  as  in  the  previous  case,  is  done  under  the  steam-hammer.  A 
bloom  of  the  weight  requisite  for  four  journal-boxes  (450  pounds)  is 
hammered  out  to  a  length  of  3  feet  4  inches,  a  width  of  9^  inches,  and 
thickness  of  5  inches.  The  bloom  is  cut  into  four  pieces,  and  each  piece 
planed  down  to  a  weight  of  107  pounds,  and,  while  still  warm,  are  put 
into  the  heating-furnace.  Commonly  two  furnaces  are  employed,  one 
for  the  hammer  and  one  for  the  press.  The  mold  is  of  the  same  general 
character  as  the  one  for  cross-heads }  the  side  pieces  o  c  in  this  case  being 
made  so  as  to  make  the  grease-boxes,  and  other  changes  being  made  to 
suit  the  case.  The  manipulation  is  also  the  same.  The  journals  are 
taken  out  by  raising  the  upper  mold,  removing  the  lower,  and  pressing 
them  out  as  before,  with  the  same  precautions. 

The  great  advantage  of  this  process  is  that,  under  the  great  pressure 
which  is  produced,  the  iron  enters  all  the  parts  of  the  mold,  and  a  grain 
is  made  which  follows  the  contour  of  the  pieces,  which  are  therefore 
much  stronger. 

In  Figs.  107  and  103  is  shown  the  grain  of  the  iron  in  a  journal-box  and 
cross-head  made  in  this  manner.  This  grain  is  brought  out  so  as  to  be 
easily  seen  by  treating  the  sections  of  the  pieces  with  acid  for  twenty- 
four  hours,  and  shows  how  compact  the  iron  of  the  pieces  must  be. 

181.  LiNK-MOTiON  SLiDiNa-BLOOKS. — The  manufacture  of  objects 
with  annular  openings  is  well  illustrated  in  the  production  by  pressure 
out  of  wrought  iron  of  the  sliding  block  which  is  attached  to  the  link  in 
locomotive  engines. 

Fig.  113  shows  a  sliding-block  and  the  manner  in  which  it  is  connected 
with  the  link.  Fig.  114  is  a  front  view  of  the  same  without  the  link.' 
It  is  customary,  for  the  sake  of  economy  and  convenience,  to  make  two 
at  once,  and  then  to  cut  them  in  two.  In  Figs.  114  and  135,  page  273, 
these  complete  double  sliding-hloclcs  are  seen  as  they  come  from  the 
press.  The  bearing  points  get  in  this  way  the  theoretically  correct 
grain,  as  is  seen  in  Fig.  109.  The  piece  is,  moreover,  so  correctly  fash- 
ioned as  to  leave  little  to  do  after  the  pressing. 
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Method  of  mumtfacture. — The  bloom  is  composed  of  aboat  525  ponnds 
of  scrap-iroD,  whicb,  as  before,  is  bftmmered  out,  cat  into  four  pieces,  and 
heated  in  the  heatiDj^-faniace. 


■c%::jc3) 


FlO.  113.— filidlDg-block  and  link. 

In  Fig.  115  a  view  of  the  mold  is  given  in  its  position  after  the  press- 
ing, but  before  the  punching.  It  consists  of  the  npper  part  A,  (Figs.  115 
and  llG,)(rhich  reats  upon  tbe  lower  part  B  at  the  point  d;  of  the  side- 
pieces  M  u  and  /,  which  give  shape  to  the  sUding-block ;  and,  lastly,  of 


Fio,  114.— Front  of  Bllding-ljlock. 


Fio.  114ii.— Donble  eliding-blookH. 

the  die  C,  (Fig.  115.)  Tbe  side-pieces  /  and  «  «  are  placed  in  the  lower 
mold  before  tbe  upper  one  is  placed  upon  it.  The  side-piece  /  is  held 
in  position  by  the  prop  or  wedge  n,  (Fig.  113.)  This  piece  serves  in  the 
shaping  of  tbe  piece,  but  is  removed  when  the  piece  is  punched. 

AfterthemoldispHttogetber,asrepresentedin  Fig.115,  andtbeproper 
■wedging  and  propping  done,  the  piece  of  metal  to  be  pressed  is  put  in, 
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Fia.  115.— Ifold  for  alidiDg-block. 


Fio.  116a.— Upper  put  of  mold. 

n— 1 7 1 n\ 


Fig.  116b.— Section  oaho  witbont  /. 
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Tio.  1160.— Kde  Tiew  of  /. 


Fro.  HM.— Plan  of/. 


^jh 


Fio.  116e.— Stamp  or  die. 


Via.  nfi/.-Plaiiof  thedie. 

I 


FiO.  116;.— €ide  view  of  the  pouch.  Fiq.  117.— Top  view  of  punch. 
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after  being  beated,  as  before  meotioned.  At  a  single  stroke  the  piece  is 
pressed.  Tbe  die  0  is  then  raised,  the  side-piece  /  is  retnored  by  sim- 
ply knocking  away  tbe  prop  n.  The  punch  P  {Figs.  117  and  118)  is 
nov  placed  in  tbe  impression  already  made  by  tbe  die  C,  and  pressed 
throngh.  The  wedges  and  props  are  then  removed,  tbe  upper  part  ele- 
vated away  from  the  lower,  and  then  let  down  Qpon  it  again  after  lay- 
ing some  blocks  between  tbe  two.  The  stamp  Q  (Fig.  119)  is  then 
placed  npon  the  piece,  and  a  gentle  pressare  frees  it  from  the  mold. 
Tbe  piece  is  then  sawn  in  two  and  finished.    By  employing  two  fur- 


Fig,  na— Side  view.  Fig.  119.— Staiuii. 

Daces,  from  twflity  to  thirty  of  these  sliding-blocks  can  be  made  in  ten 
honrs.    Figures  134  to  138,  page  273,  further  illnstrate  tbe  process. 

182.  Gtlindb&HS^ASS. — The  manufacture  ofcyllnder-heads  of  wrought 
iron  by  pressing  is  very  similar  to  tbe  forging  of  tbe  same  with  steam- 
hammers,  by  swaging,  but  the  difference  in  the  expense  of  manafactare 
is  very  considerable. 


The  bloom  is  made  as  before  described,  260  pounds  being  required  for 
one  bead.    This  piece  is  hammered  under  a  steam-hammer  of  80  hundred- 
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weight  until  it  lias  a  tbickness  of  i^  inches  aad  a  diameter  of  17  inches. 
Foarpieces  are  placed  in  the  heatiDg-famace  at  a  time. 

The  cast-iron  mold  in  which  it  is  pressed  is  represented  in  Fig.  120. 
It  consists  of  two  parts,  A  and  B,  and  the  stamp  G.  Fig.  120  shows 
the  mold  as  it  appears  when  the  cylinder-bead  is  pressed,  bnt  not  yet 
punched.  E  E  represents  the  piece  as  placed  in  the  mold  before  press- 
ing. AA  iASt  block  of  cast  steel,  wbicb  is  put  in  the  bottom  of  the 
mold  so  as  to  give  a  harder  edge,  which  will  better  resist  when  the  hole 
is  subsequently  punched. 

After  the  cylinder-end  is  shaped,  the  die  G  is  raised  and  the  ring  n», 
Fig.  121,  is  laid  on  the  surface  of  the  piece  to  prevent  it  from  splitting; 


then  the  punch,  of  2  inches  in  diameter,  is  placed  in  the  impression  made 
by  the  die  and  then  pressed  through. 

The  piece  is  separated  from  the  mold  as  in  the  case  last  described. 

From  20  to  25  of  these  pieces  can  be  made  in  ten  hoars,  with  two  fur- 
naces, one  for  the  hammer  and  one  for  tbe  press.  Another  mold  wonld, 
of  course,  doable  tbe  production. 

183.  LOOOMOTITE-WHEELS  IN  SOLID  SEGUENTS  BT  PBB3SUBE. — The 

manufacture  of  the  parts  of  wheels  by  the  process  of  pressure  enables 
the  manufflctarer  to  make  segments  with  two  or  three  spokes;  and  this 
process,  in  point  of  economy,  strength,  and  beauty  of  product,  has  great 
advantages  over  the  ordinary  methods.  A  wheel  with  ten  apokes,  when 
made  by  the  common  methods,  consists  of  twelve  pieces;  but  when  made 
by  this  process  it  is  composed  of  but  four  pieces.  We  will  give  here 
only  a  description  of  the  manufacture  of  the  most  complicated  part  of 


Fto.  122. 
the  wheel ;  that  is  the  part  with  the  crank-pin,  as  the  other  parts  are 
made  by  a  simpler  repetition  of  tbe  same  process. 

The  manufacture  of  the  segment  of  a  itheel  from  wrought  iron. — The 
bloom  is  made  in  the  ordinary  way,  from  scrap-iron,  and  has  a,  weight  of 
250  pounds. 
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The  bloom  is  forced  under  a  steam-hammer  (60  cwt)  into  a  paralleto- 
pipedon  16  inches  long,  IL  inches  high,  and  7  inches  wide.  While  etill 
warm  it  is  pnt  into  the  heatiDg-famace,  and  when  very  hot,  is  forged 
with  the  steam-hammer  into  the  form  shown  in  Fig.  123.  The  piece  is 
then  replaced  in  the  heating-furnace  preparatory  to  pressing. 


Fio.  133.— Vertical  Mction  tbroDgb  mold. 


Fio.  134.— Lower  mold  B 


Fio.  135.— Mold  A. 
The  piece  is  pressed  in  the  cast-iron  mold,  (Figs.  123-135.)    This  con- 
siste  of  the  upper  mold  A,  the  lower  mold  B,  and  the  die  G. 
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The  pnnoh  d,  vhich  i3  aeen  in  the  lower  mold,  ia  kept  in  positioD 
by  a  biace.  The  ootline  of  the  die  C  is  like  that  of  the  bottom  of  the 
mold,  bat  with  the  addition-  of  the  shoulder  /,  which  makes  »d  impres- 


Fia.  12C,— Wbcel-MgnieQt  ia  press. 


Fig.  137.— Vertical  section  thtongb  press  and  mold. 
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siOD  to  guide  tbe  subsequent  perforation.  The  mold  stands  on  a  bed- 
plate, O,  (Fig.  126,}  ou  which  it  can  slide  either  to  the  right  or  lefl  as 
desired. 

When  the  mold  is  fixed  in  the  proper  position,  and  tbe  braces  II  are 
fixed  so  as  to  bold  it  there,  and  tbe  mold  thoroughly  greased  to  facilitate 
the  removal  of  tbe  form,  tbe  piece  (Fig.  122]  is  placed  in  tbe  mold,  being 
irom  tbe  heating-farnace  at  a  strong  wehliag-heat.  Ifow  follows  quickly 
the  action  of  the  press,  by  which  the  piece  is  shaped  as  sfaowQ  in  Fig. 
123.  The  die  c  is  now  raised,  and  a  punch  correspoDding  in  shape  to 
the  piece  d  in  the  lower  muld  is  placed  upon  the  impression  made  at 
/.  The  piece  d  is  then  removed  by  knocking  away  the  brace,  and  the 
piece  is  perforated,  thus  forming  the  spokes.    By  a  similar  process  tbe 


Fro.  123.— Section  tbroogh  mold. 

hub  is  formed.  The  piece  is  removed  from  tbe  mold  by  the  same  gen- 
eral process  before  described,  by  raising  the  upper  part  of  tlie  mold  and 
gently  forcing  tbe  piece  out. 

With  two  furnaces  twenty-four  pieces  are  produced  in  ten  hours. 

The  expense  is  from  30  to  35  per  cent,  of  the  cost  of  forging  tbe  same 
under  a  steam-hammer. 

The  making  of  smaller  wheels  in  one  solid  piece  is,  of  course,  only  a 
repetition  of  the  process  of  making  segtueats.  The  whole  wheel  is  first 
pressed  and  the  spokea  indented,  and  the  interspaces  afterward  punched 
out.  It  may  appear  that  there  is  a  great  waste  of  material  in  tbe  process 
of  pressing;  bnt  it  will  not  be  forgotten  that  every  scrap  is  again  nsed, 
and  therefore  no  objection  of  this  kind  can  be  urged  against  this  very 
important  process.  Figs.  128-130,  inclusive,  further  illustrate  this  pro. 
cess. 

184.  LocoMOTiTE-CEANKS  OF  WEOUGHT  IRON.— The  bloom  made  in 
the  same  manner  is  forged  into  the  shape  represented  in  Fig.  131. 
It  is  then  reheated  in  a  furnace  that  will  bold  three  such  pieces  of  from 
340  to  450  pounds  each.    The  mold  is  shown  in  Fig.  132. 

The  pressing  is  quite  simple.  After  the  mold  is  braced,  the  shaped 
and  heated  piece  is  put  in  and  receives  tbe  pressure.  It  will  be  easy  to 
see  that  the  iron  is  forced  to  Sow  into  the  die  for  the  formation  of  the 
pin,  as  also  the  other  parts  of  the  mold.  This  flow  necessarily  creates  a 
fiber  which  will  run  parallel  with  the  pin,  and  will  therefore  be  theoreti- 
cally correct.  The  same  will  be  the  case  with  the  body- of  the  crank 
and  tbe  shonlder  for  tbe  axle,  since  tbe  crank  is  made  considerably 
shorter  than  tbe  mold.    After  pressing  the  crank  a  punch  is  placed  on 
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the  indentation  at  g  and  pressed  through  afl,er  removing  the  piece  /from 
ander  the  mold. 

Twenty  cranks  can  be  produced  iu  t«n  hoars,  at  from  13,  to  {11  per 
cent,  of  the  cost  of  cranks  fi)rge<i  under  the  steam-hammer. 


Fia.  129.— Lover  die. 


Fig.  130.— View  of  di«  from  boneatb. 
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EdM 


1. 131. — LoooiuDtiTe-oranl,  fired  stage. 


Fio.  1^. — Yertical  eection  tbiongh  mold. 


Fio.  133.-Crank. 


haswell's  hydraulic  poboino. 


Fio.  134.— Mold  fbr  didlDg-blook    plan. 
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Fia  185. — PUu  of  lower  part  of  mold. 


FlO.  136. — SeotioQ  throogb  mold. 
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FiO.  137.— Section  of  mold  ud  die. 


Fio.  136.— Plao  showing  part  of  mold. 


CHAPTER  XI. 


IRON  AS  A  MATERIAL  FOR  ART- WORK. 

Numerous  EXAifPLES  ik  the  exhibition  of  the  use  of  iron  in  artistic  manufac- 
tures ;  Iron  castings  ;  Forged  railings  and  gates  ;  Damascened  work  of 
Spain;  Rbpouss^  work,  Elcho  Shield;  English-made  gates  and  railings; 
CAST-fRoN  reproductions  OF  ART-OBJECTS ;  Ilsbndburg  foundery  ;  Molding- 
sand  ;  Quality  of  the  iron  used  ;  Proper  selections  and  mixtures. 

185.  This  report  woald  be  deficient  to  a  greater  degree  witboat  at 
least  a  passing  notice  of  tbe  wealth  of  examples  throaghout  the  Exhibit 
tion  of  the  ase  of  iron  in  artistic  mannfactares.  We  find  it  in  almost 
every  section,  either  cast  or  wrought,  in  wire  or  in  baruished  steel.  In 
the  form  of  castings,  we  have  the  groups  of  life-size  figares  of  men  and 
animals,  the  exquisite  bas-reliefs  and  reproductions  of  mediaeval  armor, 
and  of  the  patiently  executed  repoussi  work  of  gifted  sculptors,  sent  by 
the  Ilsenbnrg  foundery,  in  the  Harz. 

For  forgings  we  have  only  to  turn  to  the  splendid  gilded  gratings  fill- 
ing the  spaces  between  the  columns  of  the  rotunda ;  to  the  entrance- 
gates  of  the  jury  pavilion ;  to  the  gates  and  railings  inclosing  the  house 
and  grounds  of  the  British  commission ;  to  the  examples  of  mediaeval 
gates  in  the  British  section ;  to  gates  and  floriated  ornaments  in  the  Bel- 
gian and  Italian  sections  ]  and,  finally,  the  railings  of  the  Bussian  court. 

The  damascened  work  of  Spain  also  challenges  our  admiration,  par- 
ticularly the  objects  shown  by  Placide  Zuloaga,  of  Eibar,  consisting  of 
inlaid  and  carved  iron,  damascened  caskets  6  inches  long,  3  inches  wide, 
and  4  inches  high,  for  $250;  buttons,  shawl-pins,  match-boxes,  mirror - 
frames,  platters,  &c.  The  largest  object  is  a  shield  of  damascened  iron, 
valued  at  $1,200.  This  industry  appears  to  be  reviving,  and  the  artist 
has  established  agencies  in  London. 

For  repoussS  work,  the  most  notable  example  is  found  in  the  brilliant 
display  made  by  the  Elkingtons,  of  England.  Here  we  find  the  famous 
Elcho  volunteer  challenge  shield,  presented  by  Lord  Elcho  to  the  volun- 
teers of  Great  Britain,  to  be  given  over  annually  to  the  successful  com- 
petitors at  the  great  Wimbledon  tournament.  The  shield  is  held  in 
trust  for  this  purpose,  and  was  loaned  to  the  Messrs.  Elkington  to  ex- 
hibit by  the  trustees.  This  is  the  largest  work  in  repot^ssS  iron  ever 
manufactured  in  England.  It  is  6  feet  high,  and  in  the  mediaeval  styUa 
of  arty  from  a  design  by  F.  Watts,  B.  A.  Iron  was  selected  as  the  ma- 
terialy  because  it  does  not  tempt  the  cupidity  of  any  one,  and  thus  en- 
danger its  destruction.    The  workmanship,  and  not  the  material,  cou- 
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Btitates  the  value.  The  shield,  which  in  general  has  the  Norman  form,  has 
a  hexagonal  center-piece  in  the  npper  portion,  bordered  with  a  girdle, 
at  and  upon  which  is  the  inscription,  *^  The  Elcho  Challenge  Shield, 
A.  D.  1862.''  A  medallion  portrait  of  Her  Majesty  the  Queen  is  sus- 
pended from  this,  and  occupies  a  central  position.  Above  and  within 
the  space  inclosed  by  the  band  there  is  a  group  representing  Britannia. 
The  crown  and  royal  arms  occupy  the  projecting  points  above  and  at 
the  side.  Upon  the  dexter  side  there  is  a  representation  of  Queen  •Eliza- 
beth reviewing  her  troops  at  Tilbury,  and  opposite  to  it  Queen  Victoria 
opening  the  volunteer  competition  at  Wimbledon  by  firing  the  first  shot. 
There  are  also  representations  of  the  battles  of  Bannockburn,  1314,  and 
of  Flodden  Field,  1513,  whilst  at  the  foot  two  large-sized  figures  typify 
the  close  union  now  existing  between  the  English  and  Scotch.  A  bor- 
der of  thistles  and  roses  in  high  relief  completes  the  idea. 

186.  Wrought  gates  and  bailings.— In  the  Italian  section  we 
mention  particularly  the  wrought-iron  gates  and  railings  sent  by  Pas- 
quale  Franci,  Bome,  decorated  with  bunches  of  grapes,  grape-vines,  and 
leaves,  even  the  tendrils  all  wrought  with  singular  fidelity  and  beauty. 

In  the  British  section,  aside  from  the  Elkingtons'  work,  the  principal 
exhibitor  of  art  iron- work  is  the  Goal  brook  Dale  Company,  Shropshirei 
which  makes  a  specialty  of  entrance-gates^  fencing,  verandas,  balco- 
nies,  railings,  fountains,  vases,  &;c.  They  exhibit  two  lengths  of  railing 
on  either  side  of  the  north  entrances  to  the  British  section,  and  a  grand 
entrance  in  mediseval  style,  consisting  of  a  pair  of  wrought-iron  en- 
trance-gates, two  hand-gates,  four  pillars,  and  short  lengths  of  railing 
to  match,  executed  by  the  company  from  designs  by  B.  J.  Talbert,  esq. 
The  enrichments  are  of  cast  iron  applied,  and  the  twisted  bars  are  pro- 
duced by  Tuddenham's  patent  process. 

The  gates,  railings,  gas,  pillars,  &c.,  inclosing  the  house  of  the  royal 
British  Commission,  namely,  the  principal  entrance  of  cast-sheet  fence 
and  gates,  terminated  by  two  gas-pillars ;  the  two  lengths  improved 
cast  palisade  fence  on  either  side ;  a  length  cast-sheet,  balcony-railing 
on  east  side ;  the  west  entrance  to  the  building,  of  patent  twisted  angle- 
bar  fence  and  gates ;  a  length  of  the  same  fence,  of  various  designs,  on 
west  and  north  sides ;  a  length  of  bracket-railing  on  east  side,  within 
the  grounds. 

Various  coats  of  arms  and  trophies  in  and  about  the  house  of  the 
royal  British  Commission. 

Various  garden-chairs  in  grounds  and  park,  namely, ''  Osmunda  Be- 
galis,''  **  Water-Plant,"  "  Mediseval,''  "  Midsummer  [Night's  Dream," 
"Nasturtium,"  "Horse  Chestnut,"  "  Medallion." 

Various  vases,  &c.,  in  grounds  and  park,  namely,  "  Milton,"  "  Night 
and  Morning,"  "  Classic,"  "  Jardiniere,"  various  flower-stands  in  grounds 
and  park. 

CAST-IBON  BBPEODUCTIONS  OF  ABT-OBJECTS. 

187.  Ilsbmbebg  Foundeby. — ^The  castings  from  the  celebrated  II- 
senberg  Foundery  are  shown  iq  great  variety  in  a  special  installation 
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made  of  iroa  in  one  of  the  large  buildings  erected  by  Germany.  Here 
are  to  be  foand  reproductions  of  ancient  armor,  such  as  breast-plates 9 
helmets,  shields,  sword-handles,  &c.,  besides  bas-reliefs,  caskets,  tazzas, 
and  small  objects  for  ornamental  purposes.  All  of  these  objects  are 
characterized  by  great  sharpness  of  detail,  smooth  surfaces,  and  a  higher 
degree  of  finish  than  is  usually  found  in  iron  castings.  The  prices,  also, 
are  very  moderate.  An  interesting  history  of  the  establishment  and  a 
technical  discussion  of  the  quality  of  the  materials  used,  appears  in  ^<  En- 
gineering," and  is  appended. 

Count  STALBERa  WeJeniobrode's  iron-found bry  at  Ilsenberg, 
Harz.* — The  Ilsenberg  Iron- Works  are  among  the  oldest  in  Germany, 
and  the  iron-foundery  there  is  most  probably  one  of  the  earliest  in  the  world . 
In  ancient  documents  written  in  the  fifteenth  century  pots,  plates,  balls, 
&c.,  cast  at  Ilsenburg,  are  mentioned^  while  cast-iron  plates,  which 
have  been  collected  on  the  spot  for  some  time  past,  afford  additional 
evidence  on  this  point.  The  director  of  the  Dsenberg  Foundery,  Ober- 
hutten,  Inspector  Schott,  has  collected  and  arranged  these  plates  in  his 
official  residence,  and  the  collection  possesses  much  interest,  not  only 
from  an  historical,  but  also  from  an  artistic  point  of  view.  All  these 
plates  have  served  as  stove-plates,  and  almost  all  are  marked  with  a 
date,  the  earliest  being  that  of  the  year  1509.  The  subjects  on  the  plates 
are  chiefly  taken  from  the  history  of  the  Bible,  and  the  ornaments  con- 
sist of  busts,  tournaments,  and  allegorical  pictures.  The  latter  begin 
with  the  commencement  of  the  seventeenth  century.  Some  of  the  older 
plates  are  very  beautiful,  and  the  whole  collection  proves  in  the  best  pos- 
sible manner  the  great  perfection  and  the  high  position  German  art  must 
have  occupied  in  the  sixteenth  century,  how  it  declined  gradually  during 
the  thirty  years'  war,  and  how  it  finally  died  out  utterly  during  the 
eighteenth  century. 

If  the  earlier  time  shows,  however,  the  most  originality — for  instance, 
Judith  in  the  tent  of  Holofernes,  surrounded  by  guns  and  gabions — the 
design  of  the  figures,  dresses,  &c.,  is,  nevertheless,  so  satisfactory  from 
an  artistic  point  of  view,  that  the  pattern-makers  of  that  time  who  had 
carved  the  models,  some  of  which  are  still  at  the  stores  of  the  foundery, 
must  have  been  men  well  skilled  in  their  art,  and  must  have  attained  a 
degree  of  perfection  which  has  never  been  since  reached.  But  the  suc- 
cess did  not  rest  with  the  skill  shown  in  the  pattern,  the  molder  using 
the  pattern  evidently  participated  in  it,  otherwise  such  fine  castings 
could  not  have  been  produced. 

With  the  decline  of  skill  in  making  the  patterns  the  taste  naturally 
became  corrupted,  and  the  molding  less  and  less  perfect,  until  eventually 
it  lost  all  artistic  value;  even  in  the  beginning  of  the  present  century 
the  art  of  molding  was  still  in  a  very  primitive  state.  When  the  taste 
for  artistic  design  began  to  revive,  the  hands,  still  rough  and  unskillful, 
were  led  to  better  and  higher-class  productions,  which  elevated  the  taste. 

•From  "  EnginoeriDg,"  1873. 
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When  the  appreciation  of  elegant  forms  shall  have  become  general,  then, 
and  only  then,  we  shall  have  in  all  branches  of  indastry  prodacts  eqaal 
to  those  of  the  sixteenth  century,  and  the  debased  taste,  now  too  com- 
mon, will  gradually  disappear. 

The  necessity  of  extending  art  to  all  departments  of  industry  occurred, 
nearly  forty  years  ago,  to  Mr.  Schott,  who  was  at  that  time  engaged  on 
th«  Brunswick  Works,  the  Carlshtitte,  and  the  Wilhelmshiitte,  both 
works  being  still  famed  for  the  excellency  of  their  fonndery  prodnc^ 
tions.  He  is  now,  and  has  been  for  thirty-five  years,  the  managing 
director  of  the  Ilsenberg  Foundery,  and  from  the  first  he  sought  to  cul- 
tivate art  in  the  productions  of  the  works.  The  results  of  his  exertions 
in  this  direction  are  shown  by  the  exhibits  of  castings  of  works  of  art  in 
the  German  annexe  for  art  and  industry  at  the  Vienna  Exhibition. 

The  Ilsenberg  Foundery  exhibits  at  the  Vienna  Exhibition  art-cast- 
ings, which  represent  chiefly  objects  of  the  Roman  period,  of  the  Middle 
Ages,  of  the  Renaissance  period,  and  generally  of  such  well-known 
works  produced  by  master-hands  as  are  most  suitable  for  reproduction 
in  iron.  They  are  worthy  of  all  praise  for  the  clearness  of  the  castings, 
and  especially  for  beauty  of  form.  They  are  not  only  suitable  for  deco- 
rative purposes,  but  they  are  very  instructive. 

It  is  unfortunately  but  too  true  that'  the  want  of  appreciation  has 
caused  numerous  works  of  art  to  be  destroyed.  Even  in  the  first  half 
of  this  century  it  has  happened  that  ancient  church-vessels  have  been 
sold  by  the  authorities  for  the  value  of  the  metal  for  remelting.  Such 
vandalism,  however,  is  now  no  longer  possible,  and  objects  of  art  are 
sought  for  and  carefully  preserved.  How  much  art-education  has  pro- 
gressed in  this  direction  has  been  fully  proved  by  the  many  collections 
which  have  been  made  during  the  last  few  years.  With  refinement  of 
taste  increasing  demands  are  made  on  precision  and  correctness  of  exe- 
cution, and  public  taste  has  become  greatly  refined.  Imitations  and 
reproductions  of  antique  works  of  art  are  no  longer  accepted  as  the 
simple  copy  of  the  outer  forms,  but  an^  execution  is  demanded  which 
should  exactly  represent  the  original  in  the  smallest  detail. 

In  consequence  of  the  scrupulous  exactness  with  which  the  old  mas- 
ters executed  their  work,  and  which  did  not  admit  of  neglect  even  in 
the  smallest  and  least  important  detail,  great  difficulties  are  met  with 
In  the  reproduction  of  such  works  of  art — difficulties  which  are  espe- 
cially great  in  iron  castings  on  account  of  the  impossibility  of  the  parts 
being  united  by  soldering.  But  notwithstanding  these  disadvantages 
the  problem  has  been  solved,  and  that  in  such  a  manner  that  iron  cast- 
ings may  be  substituted  for  electrotype  productions,  combining,  as  they 
do,  greater  strength  with  equal  fineness,  and,  being  cheaper,  they  should 
certainly  be  preferred.  These  are  results  which  have  been  achieved 
through  continued  exertions  with  the  view  of  cultivating  pure  art  in 
the  production  of  iron  castings,  and  it  is  very  desirable  that  these  exer- 
tions should  be  continued  by  future  iron-founders. 
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With  regard  to  the  process  of  production^  it  may  be  observed  that  the 
two  main  points  npon  which  the  casting  of  iron  depends  are  the  molding- 
sand  and  the  metal.  Aboat  three  or  four  hundred  years  ago  the  condi- 
tions for  preparing  the  sand  required  for  casting  upon  the  open  hearth 
must  have  been  known.  It  must  even  then  have  been  recognized  that 
the  molding-sand  should  allow  the  penetration  of  the  expanding  gases, 
which  are  produced  by  the  high  temperature  when  the  fluid  metal  is 
poured  into  the  molds.  Otherwise  the  flue  castings  already  referred 
to  could  not  have  been  produced.  This  condition  of  the  molding-sand 
was  far  better  understood  in  this  remote  period  than  at  a  later  time, 
when  an  empiric  preparation  of, the  sand  was  considered  to  be  sufficient, 
and  by  which  means  progress  in  the  art  of  casting  was  necessarily  hin- 
dered. When  the  question  had  to  be  decided  as  to  what  was  to  be  done 
to  improve  the  sand,  especially  for  the  production  of  sharp  and  flue 
castings,  it  is  probable  that  a  greater  degree  of  fineness  was  tried. 
Unfortunately  this  condition  of  great  fineness,  which  is  decidedly  neces- 
sary for  sharpness  in  the  castings,  was  accompanied  by  the  disadvan- 
tage that  the  fluid  metal,  when  poured  into  the  mold,  did  not  remain 

•  

undisturbed,  but  destroyed  the  work  of  the  molder.  The  problem  was 
to  find  an  explanation  for  these  occurrences,  and  an  acquaintance  with 
the  principles  of  the  open  hearth  doubtless  led  to  the  conclusion  that 
the  want  of  penetrability,  produced  by  the  great  fineness  of  the  sand, 
caused  this  disadvantage.  Nature  rarely  supplies  a  molding-sand 
which  possesses  both  fineness  and  penetrability,  and  the  general  scar- 
city of  such  a  sand,  which  induced  many  im^>ortant  iron-founderies  to 
obtain  it  at  great  expense  from  distant  places,  naturally  led  to  artificial 
productions  being  tried.  We  shall  explain  next  the  experiments  made 
for  producing  an  artificial  molding-sand,  and  the  results  obtained. 

188.  MoLDiNGhSANB. — Of  the  various  kinds  of  molding-sand  at  the 
disposal  of  the  Ilsenberg  Foundery,  one  is  found  in  the  neighborhood,  in 
the  diluvial  formation,  this  sand  consisting  of  a  mixture  of  fat  loam  with 
coarse  grains  of  quartz.  It  is  used  only  for  the  molding  of  large  pieces, 
and  the  molds  made  of  it  can  be  employed  only  after  having  been  dried 
at  a  high  temperature.  A  rather  finer  variety  of  this  sand  serves,  when 
mixed  with  other  sand,  for  larger  class  castings ;  but  in  this  case,  also, 
it  is  necessary  that  the  prepared  parts  of  the  molds  should  be  dried  or 
heated  in  order  that  by  the  evaporation  of  the  water  there  may  be  pro- 
duced a  contraction  of  the  proportion  of  clay  which  the  sand  contains, 
and  that  thus  there  may  be  formed  the  minute  channels  which  are  nec- 
essary for  the  escape  of  the  gases  and  steam  generated  at  the  high  tem- 
perature of  the  fluid  iron. 

In  the  chalk  formation,  which  fills  the  large  and,  in  some  places,  deep 
basin  adjoining  the  mountains  of  the  Harzer  district,  there  are  found  in 
the  neighborhood  of  Ilsenberg,  upon  the  chalky  marl,  strata  of  loam 
mixed  more  or  less  with  grains  of  quartz  of  different  degrees  of  fineness ; 
the  penetrability,  and  thus  the  utility  of  the  moldiug-sand  depending 
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upon  this  admixture.  In  a  few  exceptional  places  there  is  found  a  mold 
ing-sand  that  could  almost  be  used  in  its  natural  state ;  the  quantities 
thus  obtained,  however,  are  very  small,  and  are  not  in  proportion  with 
the  increasing  demand  of  Ilsenberg  Fonndery.  If,  therefore,  the  artlA- 
cial  preparation  of  the  molding-sand  had  not  been  successfally  intro- 
duced, the  necessary  supply  could  only  have  been  obtained  from  distant 
sources  at  great  expense. 

After  having  recognized  the  penetrability  of  the  sand  for  steam  and 
gas  as  the  chief  characteristic  necessary,  it  became  next  au  important 
matter  to  determine  the  signs  of  this  reqaired  penetrability  existing, 
and  for  this  purpose  the  following  proce^  has  bden  adopted:  A  known 
peculiarity  of  a  sand  which  allows  of  a  casting  being  made  in  it  without 
the  mold  being  artificially  dried,  is,  that  if  the  molder  moistens  the  mold 
with  water,  the  sand  possesses  the  surprising  qaality  of  absorbing  the 
water  without  altering  the  mold.  The  molder  can  thus,  when  working 
with  the  so-called  green  sand,  employ  water  according  to  his  requir- 
ments,  in  order  to  strengthen  the  sharp  corners,  edges,  and  ribs  of  the 
molds,  for  which  purpose  water  may  be  dropped  upon  the  latter  by 
means  of  a  brush.  The  water  disappears,  and  is  absorbed  without  doing 
any  damage  to  the  mold.  This  qaality  of  the  sand  has  been  used  at 
Ilsenberg  in  the  following  manner  for  determining  the  penetrability  of 
the  material.  After  various  mixtures  of  sand  have  been  prepared,  and 
after  it  has  been  ascertained  that  sharp  and  distinct  impressions  can  be 
taken  with  the  materials,  equal-sized  balls  or  cubes  are  formed  by  com- 
pressing the  sand  in  the  hand,  and  that  to  such  an  extent  that  a  slight 
further  compression  is  just  possible;  this  is  easily  done  with  a  little 
practice,  as  this  manipulation  forms  an  important  factor  in  ascertaining 
the  quality  of  the  sand  for  all  molders,  and  determines  the  degree  of 
moisture  to  be  given  to  the  molding-sand  for  casting  in  a  green  state. 
The  balls  of  sand  thus  prepared,  and  made  of  uniform  size,  are  then 
weighed,  and  water  is  next  poured  upon  them  as  long  as  it  is  absorbed. 
When  absorption  no  longer  takes  place,  and  the  water  appears  to  remain 
on  the  surface  of  the  sand,  the  balls  are  weighed  again.  Supposing  the 
dififerent  samples  to  be  equally  good,  as  far  as  the  power  of  prodacing 
sharp  impressions  (as  previously  ascertained)  is  concerned,  then  that 
sample  which  is  capable  of  absorbing  the  largest  amount  of  water  will 
offer  the  greatest  facility  for  the  escape  of  the  gases  and  steam.* 

It  was  in  1844  when,  by  the  kind  recommendation  of  the  director  of 
the  Ecole  des  Mines  at  Paris,  M.  Le  Play,  the  Professor  6aulti6  de 
Ghaubri  obtained  for  several  professional  men  admission  to  some  of  the 

*It  should  be  meotioned  here,  that,  ia  examining  the  sorts  of  sand,  care  has  to  be 
taken  that  the  latter  does  not  contain  lime,  which  is  often  the  case  when  th&  sand  is 
fonnd  to  lie  on  marl,  and  the  greatest  care  shoald  be  taken  in  obtaining  it.  The  burn- 
ing of  the  lime,  which  takes  place  at  the  high  temperature  of  the  iron,  forces  the  car- 
bonic acid  to  escape,  disturbs  the  fluid  iron,  and  prevents  the  exactness  and  clearness 
of  the  casting.  It  is  well  to  examine  the  amdunt  of  carbonic  acid  contained  in  the 
sand  before  using  it,  by  ponring  acid  upon  it. 


IRON-FOUNDERY   AT   ILSENBERG.  281 

foanderies  of  Paris.  Excellent  molding-sand  was  to  be  fonnd  there,  and 
the  qaalities  which  it  possessed,. necessary  for  the  prodaction  of  good 
castings,  could  be  studied.  The  experience  gained  from  the  continued 
casting  of  bronze  works,  which  could  be  applied  to  iron  castings,  and 
the  great  advantage  possessed  by  these  founderies  of  having  to  work 
only  for  specialties,  and  of  not  having,  like  other  founderies,  to  change 
the  class  of  work  to  be  done  every  day,  exercised  a  great  influence  upon 
the  gradually  improved  preparation  of  the  suitable  sorts  of  molding- 
sand. 

Even  in  Paris  it  was  impossible  to  get  from  natural  sources  a  sand 
that  would  fulfill  all  requirements,  although  remarkably  good  sand  is 
easily  obtained  there.  Only  a  few  districts  of  England  and  Germany 
participate  in  this  advantage,  and  the  neighborhood  of  Halleon-the- 
Saale  and  of  Walkenrind,  in  the  Harzer  Mountains,  should  especially 
be  mentioned  in  this  respect.  It  thus  became  necessary,  even  in  Paris, 
to  prepare  good  and  useful  sand  by  artificial  mixture.  Four  different 
sorts  of  sand,  two  of  a  reddish  and  two  of  a  grayish-yellow  color,  were 
found  to  be  applicable  for  casting  in  green  sand.  A  variety  of  sand 
similar  to  the  latter  was  found  in  exceptional  instances  in  the  neighbor- 
hood of  Ilsenberg,  but,  as  mentioned  already,  it  could  only  be  obtained 
in  an  insufficient  quantity,  and  not  of  quite  as  good  quality  as  that 
found  at  Paris.  Comparing  the  Ilsenbnrg  sand  with  the  samples 
obtained  from  Paris,  it  was  found  that  the  former  was  deficient  in  the 
contents  of  fine  grains  of  quartz,  whence  its  penetrability  was  not  the 
same  as  that  of  the  Paris  material. 

The  treatment  above  referred  to  of  the  sand  consisting  of  a  mixture 
of  fat  loam  and  coarse  grains  of  quartz,  the  insufficient  penetrability 
of  which  had  to  be  increased  by  continued  drying  or  roasting,  had 
to  be  applied  also  to  the  fine  sand,  and  it  had  to  be  ascertained 
whether  the  deficiency  in  the  contents  of  grains  of  quartz  could 
not  be  replaced  by  the  roasting  of  a  part  of  the  denser  sand,  which 
was  consequently  exposed  to  such  a  high  temperature  that  the 
yellowish-gray  color  was  changed  into  red.  The  mixture  of  this 
roasted  sand  with  the  original  yellow-grayish  sand  in  its  natural 
state,  gave  the  desired  result,  and  the  roasted  sand  was  found  to  be 
a  perfect  substitute  for  the  grains  of  quartz  in  which  the  natural  sand 
was  deficient.  In  order  to  make,  however,  this  artificial  mixture  equal 
to  the  natural  sand,  a  careful  treatment  was  necessary,  and  for  this  pur- 
pose stamping-mills  and  revolving  drums  of  oval  section,  containing 
loose  balls,  were  adopted  for  the  powdering  and  mixing  of  the  sand. 
These  drums  have  a  diameter  of  about  3J  feet  and  a  length  of  not  more 
than  about  four  inches,  while  the  speed  of  rotation  is  arranged  in  such 
a  manner  that  the  balls  are  not  so  acted  upon  by  centrifugal  force  as  to 
prevent  them  from  remaining  at  the  bottom  of  the  drum,  or  they  would 
not  exercise  the  necessary  pressure  upon  the  sand,  which  is  put  into  the 
drum  through  an  opening  at  the  side.    In  order  to  obtain  the  required 
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fineness  of  the  sand,  the  passing  of  it  throagh  fine-meshed  sieves  be- 
comes necessary,  and  for  this  pnrpose  bolting-doth  made  of  sheep's 
wool,  and  known  in  Qermany  ander  the  namber  16,  has  been  found  best. 

A  fine  molding-sand  applicable  for  most  castings  in  green  sand  was 
thns  snccessfally  prodaced,  bat  the  finer  and  better  sorts  of  a  reddish 
color,  seen  and  found  at  Paris,  which  possess  an  extraordinarily  high 
amount  of  penetrability,  and  which,  moreover,  allow  of  the  cleanest  and 
sharpest  castings  being  made,  were  still  wanted.  It  had  been  especially 
observed  that  the  castings  in  this  sand,  which  was  even  moistened  to  a 
great  extent,  remained  anasually  undisturbed,  and  it  became,  of  course, 
a  natural  necessity  to  possess  a  molding-sand  of  equal  quality. 

At  first  an  endeavor  was  made  to  discover  such  a  sand  in  a  naturally 
loose  state,  and  it  was  thought  that  it  might  be  found  in  the  intermedi- 
ate layers  of  the  colored  sandstone  formation  met  with  on  the  outskirts 
of  the  Harzer  Mountains.  All  the  sand,  however,  that  could  be  found 
in  a  loose  state  in  these  strata  contained  too  muoh  clay  for  the  required 
penetrability.  Even  after  roasting  it  was  found  to  be  useless,  becaase 
it  had  lost  all  its  binding  power,  and  attention  was  then  directed  to  the 
solid  sandstone,  which,  when  ground,  was  expected  to  supply  material 
of  the  necessary  quality.  The  experiments  made  with  these  solid  stones 
showed  such  a  great  penetrability  that  the  best  results  could  be  obtained. 
The  experiments  with  water  pointed,  fortunately,  to  a  certain  class  of 
stones  which  had  to  be  rejected  for  building  purposes  on  account  of  their 
extraordinary  hygroscopic  qualities;  these  latter,  however,  justified 
great  expectations  for  the  molder— expectations  which  have  now  for 
man^  years  been  fulfilled.  The  mixture  of  the  sand  obtained  from  the 
stone,  with  the  yellowish-gray  sorts  of  sand  mentioned  above,  has  pro- 
duced an  exceedingly  suitable  molding-sand,  the  molder  having  it  in 
his  power,  by  adding  more  or  less  of  this  ground  stone,  to  vary  the 
quality  of  the  materisd  in  accordance  with  the  requirements  of  the  work 
he  has  in  hand. 

The  knowledge  of  the  proper  molding-sand  required  for  a  given  pat- 
tern is  the  best  proof  of  the  ability  of  a  molder,  and  such  a  knowledge 
can  only  be  acquired  by  extended  practice  and  correct  advice,  which 
latter^  however,  is  unfortunately  very  often  wanting  in  founderies  pro- 
ducing inferior  work.  The  importance  of  the  correct  preparation  of  the 
sand  is  in  general  little  appreciated,  and  so  long  as  no  proper  attention 
is  paid  to  the  requirements  of  a  good  molding-sand,  and  as  long  as  there 
is  wanting  a  correct  understanding  of  the  required  pe&etrability  in  con- 
nection with  a  consistence  of  the  material  sufficient  for  the  finest  impres- 
sions, iron  founderies  will  turn  out  works  of  art  which  could  not  be 
appreciated  by  eyes  which  have  had  opportunities  of  getting  acquainted 
with  more  perfect  productions. 

From  what  has  been  said  above,  it  will  be  found  that  the  excellence 
of  the  molding-sand  to  be  used  does  not  depend  so  much  upon  the 
chemical  composition,  but  rather  upon  the  mechanical  and  correct  mix- 
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tnre  of  the  ar^llaoeoas  and  siliceous  components.  If  the  chemical 
investigations  made  in  Paris  and  London  with  the  small  parts  of  mold- 
ing-sand that  remained  at  those  places  on  the  castings  exhibited  by 
Ilsenberg  had  been  ever  so  carefally  performed,  they  could  scarcely 
have  led  to  the  preparation  of  a  suitable  molding-sand,  which  depends 
simply  upon  the  shape  and  size  of  the  added  grains  of  quartz,  and  the 
plastic  qualities  of  clay. 

In  the  course  of  years  a  special  custom  has  often  taken  root  in  foun- 
deries,  in  consequence  of  which  most  extraordinary  results  are  often  pro- 
duced. The  practice  acquired  in  the  manipulations  can  go  so  far,  for  in- 
stance, that  a  sand  possessing  a  very  small  amount  of  binding  power,  but 
a  high  degree  of  penetrability,  as  often  found  in  nature,  is  used  with  the 
best  results.  The  ability  acquired  to  produce  fine  castings  in  a  loose 
sand,  which  gives  way  to  the  smallest  shaking,  which  possesses  only  so 
much  consistency  as  is  required  to  withstand  the  pouring  In  of  the  fluid 
metal,  and  which  combines  the  advantage  that  the  larger  quantity  of 
grains  of  quartz  prevents  a  burning  of  the  iron,  and  produces  better 
castings,  requiring  only  little  cleaning,  is  a  great  gain,  which  saves 
many  expenses  incurred  by  the  employment  of  a  molding-sand  of  greater 
binding  power. 

189.  Quality  op  the  iron. — Art-castings  in  iron  require  for  their 
successful  production  a  carefully  chosen  metal,  one  which  must  not  only 
possess  greater  strength  than  is  required  for  ordinary  castings,  but  one 
which,  by  its  density  and  fluidity  in  a  molten  state,  is  capable  of  repro- 
ducing minute  forms  with  sharpness  and  exactness.  In  order  to  obtain 
definite  information  as  to  the  conditions  under  which  suitable  iron  is 
produced  by  the  smelting  process,  the  material  has,  at  Ilsenberg,  been 
subjected  to  careful  examination,  both  when  in  the  fluid  state  and  dur- 
ing the  progress  of  setting  and  cooling;  and  these  investigations,  which 
have  been  carried  on  for  more  than  thirty  years,  have  resulted  in  the 
discovery  of  the  facts  of  which  we  propose  now  to  speak — facts  which 
are  of  high  interest  in  themselves,  and  which  appear  to  us  worthy  of  the 
most  careful  attention  of  metallurgists.  Some  time  ago  the  writer  of 
the  present  article  called  attention  to  the  appearances  which  cast  iron 
assumes  during  the  fluid  state,  these  appearances  varying  according  to 
the  proportion  of  carbon  which  the  material  contains,  and  even  as  long 
ago  as  1867  we  spoke  in  this  journal  (in  an  article  entitled  ^'  The  Berlin 
Castings,"  a  name  formerly  generally  used  for  art-castings  in  iron,  but 
now  almost  abandoned)  respecting  these  appearances.  The  matter  did 
not,  however,  at  the  time  receive  from  scientific  men  the  attention  it 
undoubtedly  deserves,  and  we  therefore  propose  to  return  to  the  sub- 
ject, and  discuss  it  more  fully. 

According  to  the  appearance  of  the  new  fracture  when  broken,  pig- 
iron  is,  and  has  been  for  many  years,  both  in  this  country  and  abroad, 
designated  by  certain  numbers,  the  particular  value  attached  to  each 
number  varying,  however,  in  different  localities.    Speaking  broadly, 


284  VIENNA  INTERNATIONAL   EXHIBITION,  1873, 

Ko.  1  signifies  a  coarse-graioed  dark-gray  iron;  Nos.  2  and  3  ^^^  finer- 
grained  and  lighter  grays ;  while  beyond  these  come  the ''  mottled  "  and 
'<  white "  pigs.  In  many  founderies  in  Germany  the  following  scale  is 
adopted:  No.  1,  largest-grained,  highly  graphitic,  gray  pig  {Gaures 
JBisen])  No.  2,  gray  pig  (gaarfltissiges  Eisen',)  No.  3,  mottled  pig  {halbirtes 
Eisen',)  No.  4,  strongly  mottled  pig  {stark  hdWirtes  Eisen])  No.  5,  lam- 
ellar pig  {diifingrelles  Ei^efi;)  No.  6,  dead- white  iron  (hochdunnes  Eisen^) 
and  No.  7,  white  pig  {grelles  EUen,)  In  this  classification — which  we 
shall  adopt  hereafter  in  speaking  of  the  appearances  of  different  classes 
of  molten  iron — Nos.  1  and  2  are  varieties  of  gray  iron,  Nos.  3  and  4  of 
mottled  iron,  and  Nos.  5,  6,  and  7  of  white  iron. 

If,  now,  an  alteration  in  the  working  of  the  blast  furnace  or  of  the  cu- 
pola shows  that  a  change  has  taken  place  in  the  quality  of  the  iron,  or 
if  it  is  desired  to  secure  the  success  of  a  particular  casting,  the  follow- 
ing observations  may  advantageously  be  made:  Let  a  sample  be  taken 
from  the  iron  available,  and  let  it  be  cast  in  a  semi-spherical  mold, 
prepared  as  for  an  open-sand  casting,  but  lined  with  finely-prepared 
sand,  care  being  taken  that  the  sand  is  neither  too  tightly  nor  too 
loosely  pressed  down.  For  making  this  simple  casting,  a  small  ladle 
and  a  straight-edge  are  carefully  warmed,  and  the  necessary  quan- 
tity of  iron  is  then  tapped  from  the  furnace  or  cupola  into  the  ladle,  the 
slag  being  removed  with  the  heated  straight-edge.  When  this  has 
been  done  the  iron  is  poured  as  quickly  as  possible  into  the  mold,  when 
the  heated  straight-edge  is  again  passed  over  the  iron.  Experience 
has  shown  that  when  a  furnace  is  working  irregularly  the  various 
classes  of  iron  above  spoken  of  are  sometimes  to  be  found  arranged  one 
over  the  other,  according  to  their  specific  gravities,  and  in  procuring  a 
sample,  therefore,  care  should  be  taken  to  procure  an  average  of  the 
whole.  The  metal  having  been  poured  as  above  directed,  the  following 
observations  should  be  made : 

1.  The  color  of  the  iron  during  the  casting. 

2.  The  movements  which  take  place  upon  the  surface  of  the  metal 
immediately  after  pouring. 

3.  The  state  of  the  iron  during  and  after  its  setting. 

For  the  various  classes  of  iron  above  enumerated  these  appearances 
will  be  as  follows : 

No.  1  iron. — This  iron  has  during  the  casting  a  reddish-white  color, 
and  after  running  it  remains  unagitated,  and  has  the  appearance  of 
a  crystallized  fat,  while  it  presents  a  frothy  surface  covered  with  <'  kish."* 
Its  fracture  when  cold  is  dark-gray,  coarse-grained,  glossy,  and  very 
soft,  but  when  remelted  it  gets  a  finer  structure,  and  becomes  suitable 
for  being  recast  in  crucibles  for  the  production  of  art-castings. 

Another  variety  of  this  iron,  during  the  pouring,  has  a  lighter  color  than 
the  variety  of  No.  1  previously  mentioned,  while,  when  cast,  its  surface  is 


*For  the  diiference  between  graphite  and  '' kish/' see  a  paper  contributed  byM. 
Ledebnr  to  the  Berg  and  HUttenmanUchen  Zeitung. 
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covered  with  a  thick,  dim  skin,  which  daring  the  experiment  alowly  sepa- 
raten  in  one  direction  in  straight  lines,  showing  at  the  fissures  the  bright 
metallic  sarface.  After  these  movementa  have  lasted  some  time,  the  dim 
skim  again  entirely  unites,  while  the  iron  is  seen  to  be  still  agitated,  and 
commences  to  stiow  small  projections  at  those  pointa  where  the  division 
of  the  akin  last  occurred.  After  setting,  the  iron  shows  a  slightl;  con- 
vex snrface,  which  has  a  smooth  glossy  appearance,  with  here  and  there 
a  sparkle  of  graphite. 

This  iron,  when  cold,  has  a  dark-grey-gtossy,  fracture,  the  grains  iu  the 
latter  being  the  more  strongly  marked  the  greater  the  volume  and 
strength  ot  the  casting.  This  class  of  material  ia  well  suited  for  the 
casting  of  fine  works  of  art,  as,  when  qnickly  poured,  it  fills  the  molds 
well  and  perfectly,  possessing  at  the  same  time  a  great  amount  of  soft- 
ness. When  less  qnickly  poured,  the  separation  of  "  kish"  gives  to  the 
casting  an  objectionable  appearance,  similar  to  that  of  the  first-men- 
tioned variety  after  setting. 

No.  2  iron. — This  iron  has,  daring  the  pouring,  a  dazzliug-wbite  color, 
while  the  dim  skin  which  forms  on  the  surface  does  not  appear  to  be  so 
thick  as  in  the  case  of  the  class  of  iron  lant  spoken  of.  As  the  iron  runs 
from  the  ladle,  a  tearing-asnuder  of  this  skin  and  a  display  of  a  metal- 
lic glare  below  ia  observed,  the  sarface  at  first  splitting  only  iu  one  di- 
rection, but  fissures  subsequently  opening  up  in  various  directions,  the 
following  sketches,  k  and  I,  showiug  the  chief  figures  formed.  The  fig- 
ure k  refers  to  a  charcoal,  and  figure  I  to  a  coke,  iron.  These  figures 
may  often  be  traced  even  after  the  setting  of  the  iron,  tbey  being  then 
formed  by  projection  on  the  surface.  After  the  fissures  on  the  snrface 
have  been  drawn  together  again,  the  iron,  which  is  still  agitated  be- 
neath, evolves  small  babbles  of  gas,  which  force  their  way  to  the  sar< 
face,  this  beiug  especially  the  case  toward  the  middle  of  the  mass. 


CrjatallisBtion  of  iron. 

With  the  exception  of  the  points  where  projections  mark  the  last 
fiissares  in '  the  skin,  the  sarface  of  this  iron,  when  set,  is  dim,  glossy, 
and  smooth,  and  its  appearance  is  similar  to  that  of  refined  metal,  this 
beiug  the  case  even  in  the  fracture,  with  the  exception  of  a  little  lighter 
color  and  slightly  denser  structure.  This  iron  ia  the  best  for  art- 
castings,  as  the  largest  aa  well  as  the  smallest  articles  may  be  safely 
cast  from  it,  it  giving  clean  and  sharply. marked  productions,  which  can 
be  well  worked  on  account  of  their  but  slight  degree  of  hardness.  If 
also  the  blast-furnace  charges  are  good,  and  the  varieties  used  in  the 
oapola  well  chosen,  iron  of  this  clasa  ahowa  great  flexibility  and  elaa- 
tioitj. 
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No,  3,  or  slightly -mottled  iron. — ^This  iron  has,  when  poared,  a  light  or 
white  color,  the  skin  being  similar  to  that  of  the  No.  1  iron,  but  thinner, 
while  at  the  point  where  the  flowing  commences  a  stronger  metallic 
luster  appears  on  the  broken  surface.  After  the  pouring  has  taken 
place,  the  iron  at  first,  like  that  last  mentioned,  shows  fissures  in  the 
skin  extending  in  one  direction  only ;  but  this  merely  lasts  for  a  short 
time,  a  dividing  of  the  lines  then  taking  place,  and  cruciform  fissures 
being  formed  for  charcoal,  and  star-like  fissures  for  coke  iron. 

This  splitting  up  of  the  surface  into  fissures  goes  on  very  rapidly,  new 
figures  continually  appearing  only  to  disappear  again  and  make  room 
for  others,  the  appearance  being  altogether  a  very  interesting  one^ 
while  the  backward  and  forward  movement  in  the  material  is  remark- 
able. After  this  state  of  affairs  has  lasted  some  time  the  evolution  of 
bubbles  of  gas  commences,  the  bubbles  being  more  numerous  and  being 
evolved  with  greater  activity  than  in  the  cases  formerly  noted.  During 
this  period  a  great  agitation  of  the  metal  occurs,  this  decreasing  gradu- 
ally until  the  iron  is  *^  dead,"  when  it  begins  to  set.  The  surface  in  this 
case  is  no  longer  rounded,  but  straight,  and  is  covered  with  a  number 
of  small  spheres,  which  show  empty  hollow  spaces,  and  adhere  very 
strongly  to  the  surface,  so  that  they  cannot  readily  be  removed. 

The  fracture  of  this  iron  shows  a  light  color  and  slightly  glossy  sur- 
face, and  is  no  longer  strongly  grained.  The  material  is  still  suitable 
for  art-castings,  but  the  objects  cast  from  it  should  not  have  thin  places, 
as  they  could  not  be  worked  upon,  and  \sould  require  previous  anneal- 
ing. On  account  of  its  great  density,  however,  this  iron  is  well  suited 
for  castings  which  have  to  be  bored  or  turned,  and  particularly  for  those 
on  which  polished  surfaces  have  to  be  got  up.  The  problem  is  to 
produce  an  iron  of  this  kind  with  the  peculiarity  of  not  being  inclined 
to  chill ;  but  this  can  be  done  by  care  in  charging  the  furnaces. 

No.  4,  strongly-mottled  iron. — If  the  iron  is  strongly  mottled — approach- 
ing in  character  to  No.  5— it  shows,  when  poured,  a  brighter  appear- 
ance and  higher  metallic  luster  than  that  last  described.  The  fissures 
formed  in  the  surface-skin  are  similar  to  those  of  No.  3,  but  the  figures 
fortned  are  smaller,  and  the  changes  take  place  more  rapidly,  so  that  a 
certain  amount  of  practice  is  required  to  enable  appearances  to  be  fixed 
by  the  eye.  The  formation  of  the  gas-bubbles  also  is  more  distinct,  and 
their  evolution  commences  at  an  earlier  stage. 

The  setting  of  the  iron  takes  place  under  conditions  similar  to  those 
last  described,  but  the  surface  becomes  covered  with  numerous  leaves 
covering  larger  or  smaller  concavities  in  the  surface  of  the  iron,  accord- 
ing to  whether  the  leaves  have  been  formed  by  the  combination  of 
several  bubbles,  or  by  the  adbesion  of  single  ones.  The  surface  is 
straight,  and  the  fracture  has  a  light,  fine-grained  appearance.  This 
iron  cannot  be  used  for  fine-art  objects,  but  it  may  be  employed  for 
larger  articles,  which  posses  a  certain  degree  of  strength. 

No.  5,  or  lamellar  iron. — When  poured,  this  iron  (which  is  scarcely  to 
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be  regarded  as  a  white  pig)  flhows  a  light  brilliant  color^  while  the 
lasteriwhioh  accompanies  the  breaking  of  the  skin  is  greater  than  in 
the  varieties  previously  noted.  After  pouring,  a  to-and-fro  movement 
of  the  fluid  metal  takes  place,  but  this  only  lasts  a  short  time,  being 
followed  by  the  formation  of  stellated  figures,  which  change  rapidly, 
and  which  are  like  those  sketched  above.  In  this  metal  the  figures 
are  smaller  in  size  than  those  produced  by  the  classes  of  iron  already 
spoken  of,  while  the  bubbles  of  gas  are  more  frequent,  and  of  larger 
diameter.  These  bubbles  unite  to  form  the  large  leaves  which,  being 
hollow,  cool  more  quickly  than  the  mass  of  metal  below,  thus  giving 
the  surface  the  peculiar  appearance  of  a  red-hot  mass  of  iron  covered 
with  dark  spots,  this  being  especially  the  case  around  the  circumference, 
where  the  cooling  takes  place  earlier.  This  appearance  is  not  much 
liked  in  founderies  for  fine  work,  as  it  signifies  an  iron  suitable  for  heayy 
castings  only,  but  especially  applicable  to  some  parts  of  machinery. 
The  fracture  of  this  iron  is  lighter  than  that  of  the  earlier  numbers,  and 
it  shows  fine  white  patches,  and  a  very  dense  grain. 

No.  6,  or  "  dead-white^  iron. — The  conditions  just  described  are  to  be 
found,  also,  to  a  great  extent,  in  the  case  of  ^*  dead- white''  iron;  but  the 
formation  of  the  figures  is  in  this  case  still  more  rapid,  and  the  fluidity 
of  the  iron  is  of  less  duration.  The  size  and  quantity  of  the  gas-bub- 
bles are  also  considerably  increased,  as  is  also  the  appearance  of  the 
dark  spots  already  referred  to.  The  surface,  too,  when  set,  is  no  longer 
straight,  but  slightly  concave,  while,  after  the  opening  of  the  leaves 
produced  by  the  bubbles  of  gas,  deep  holes  are  seen.  The  difliorence 
in  the  two  classes  of  iron  consists  in  the  latter  having  not  only  deep, 
bat  also  flat  holes,  the  existence  of  these  proving  the  iron  to  be  of  a 
harder  class  than  theother.  The  fracture  of  this  metal  shows  a  mixture 
of  white  and  gray  iron,  this  variety  marking  the  transition  to  white 
iron  properly  so  called.  If  the  proportion  of  grey  and  white  is  about 
equal,  the  metal  is  known  on  the  Continent  as  ^'  Forellen"  iron.  Such 
iron  is  no  longer  suitable  for  fine  castings,  but  if  produced  by  a  well- 
selected  charging  of  the  furnace,  it  possesses  a  very  close  structure  and 
great  strength.  This  iron  is  especially  suitable  for  casting  large  rolls, 
which  gain  in  strength  through  their  cooling  very  slowly,  and  which 
can  be  subsequently  turned.  It  is  also  suitable  for  the  production 
of  chilled  castings,  of  which  samples  are  exhibited  at  Vienna  by  the 
Innerberger  Qewerkschaft,  of  Styria. 

No.  7,  white  iron. — ^The  form  of  this  iron  in  section  when  cold  is  con- 
cave. When  poured,  this  iron  has  a  white  color,  but  this  very  soon 
changes  to  red,  while  the  metallic  luster  is  very  strong.  The  splitting 
or  opening  up  of  the  skin  does  not  last  long,  but  soon  makes  room  for 
the  formation  of  large  gas-bubbles,  which  may  be  observed  violently 
agitating  the  mass.  These  bubbles  burst,  and  the  discharge  of  gas 
takes  place  with  such  force  that  fine  particles  of  burning  iron  are 
thrown  out  in  all  directions.  The  surface  next  begins  to  sink,  and  soon 
after  a  dark  skin  begins  to  spread  like  a  shadow  over  the  surface 
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of  the  still  red-hot  mass,  from  the  oircamference  toward  the  center. 
Finally  this  skin  becomes  lighter  and  peels  off,  showing  a  number  pf  the 
shallow  cavities  described  above.  The  fractnre  of  this  iron  is  white, 
and  the  metal  is  too  hard  to  allow  of  its  being  worked. 

The  characteristic  appearances  of  the  varioas  sorts  of  iron  depend  nj}OTL 
and  are  intimately  connected  with  the  proportions  of  siliciam,  manga- 
nese, phosphoras,  sulphnr,  &c.,  which  the  iron  contains.  If,  for  instance, 
in  an  otherwise  normal  state  of  the  iron,  the  contents  of  sulphur  in  the 
latter  is  proportionately  large,  the  so-called  ^'Brannen,''  with  the  leaving 
behind  of  flat  holes,  may  be  observed.  The  shape  of  the  figures  due  to 
the  fissures  in  the  skin  is  also  altered  if  an  addition  of  zinc,  copper,  &c., 
is  made,  and,  for  instance,  the  addition  of  tin  causes  these  figures  to  alter 
their  shape  entirely,  and  gives  rise  to  beautiful  formations.  It  is  often 
surprising  how,  for  similar  reasons,  the  iron,  which,  at  the  beginning  of 
the  observations  described  in  our  former  article,  showed  a  distinct  char- 
acteristic, alters  in  its  appearance  suddenly  and  unexpectedly. 

The  formation  of  distinct  figures  by  the  division  of  the  surface  skin 
was  formerly  attributed  chiefly  to  the  inclination  of  the  iron  towards 
crystallization,  but  a  closer  knowledge  of  the  composition  of  the  iron 
has  shown  that  the  generation  of  gas  dependent  on  this  composition, ' 
and  accelerated  and  acting  through  the  presence  of  the  oxygen  of  the 
air  mixed  with  the  metal  by  the  act  of  pouring  out,  must  exercise  an 
influence  upon  the  formation ;  this  generation  of  gas  being  proved  by 
the  bubbles  that  rise  and  escape. 

The  question  now  is,  whether  conclusions  cannot  be  drawn  beforehand 
from  these  observations  respecting  the  composition  of  the  iron,  and 
whether  a  preliminary  determination  of  the  contents  of  sulphur,  phos- 
phorus, carbon,  manganese,  &c.,  cannot  approximately  be  made.  How 
important  these  observations  would  be  for  the  industry  of  iron  if,  as  has 
not  so  far  been  the  case,  they  could  be  connected  with  chemical  analy- 
sis, and  how  much  more  instructive  would  they  be  if  microscopic  inves- 
tigations of  the  crystalline  formation  could  be  added.  The  latter  inves- 
tigations certainly  deserve  more  thorough  study  than  they  have  hitherto 
received,  a  neglect  which  can  only  be  explained  by  the  difficulty  of  the 
observations,  the  lens  necessarily  having  to  be  placed  close  to  the  surface 
of  the  iron  that  is  under  examination,  and  it  thus  being  impossible  to 
obtain  a  large  field  of  view,  a  few  particles  only  being  in  the  right 
focus. 

Long  and  continued  study  and  practical  observation  have  made  the 
present  writer  acquainted  with  the  treatment  of  iron  in  the  foundery,  and 
he  is  thus  in  the  position  to  state  briefiy  a  few  rules  which  may  be  use- 
ful for  determining  the  suitable  sort  of  iron  for  special  classes  of  art- 
castings.  Tbe  followiag  statements  are  therefore  laid  before  the  public, 
with  the  request  of  an  indulgent  and  unprejudiced  judgment. 

In  iron  bars,  which  show  after  the  setting  hollow  internal  spaces, 
(such  as  must  uecessarily  be  produced  in  consequence  of  the  setting 
growing  from  out  to  inside,  if  nothing  is  done  for  their  prevention,) 
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there  are  to  be  found  in  these  hollow  spaces  octahedral  crystals  more  or 
less  beautifully  formed  according  to  the  degree  of  fluidity  of  the  iron. 
Kow,  notwithstanding  the  exact  resemblance  of  the  fundamental  shape 
of  the  crystal,  it  will  be  found,  if  the  various  samples  of  iron  are  com- 
pared with  each  other  in  this  respect,  that  one  difference  may  be  ob- 
served, namely,  the  different  proportions  between  longitudinal  and  cross 
axes  of  the  crystals.  The  more  beautifully  the  crystals  are  shaped,  the 
more  clearly  is  this  difference  of  proportion  observable.  Very  large 
formations  of  crystals  are  often  to  be  seen  in  the  more  capacious  cavities 
of  large  castings,  but  these  are  seldom  of  such  pure  and  delicate  forms 
as  those  to  be  found  in  smaller  cavities.  If  they  are  completely  formed 
they  resemble  small  fir-trees,  as  octahedral  needles  at  certain  distances, 
forming  also  an  octahedral-like  space,  and  will  be  found  to  have  arranged 
themselves  around  a  central  axis. 

By  the  aid  of  a  powerful  lens  a  similar  appearance  is  to  be  found  in 
the  surfaces  of  fractures  of  iron  which  are  more  minutely  examined, 
whilst  even  a  smaller  magnifying  power  shows  the  triangular  surfaces 
of  the  crystals  and  their  proportionately  different  longitudinal  axes. 

The  same  class  of  crystals  is  to  be  found  in  all  kinds  of  iron  and  steel, 
and  the  similarity  is  often  so  great  that  the  assertion  might  almost  be 
made  that  cast  iron  is  nothing  else  but  a  compound  of  bar-iron  crystals 
and  graphite,  and  that  the  quality  of  the  east  iron  depends  upon  the 
proportion  and  chanicter  of  the  mixture  of  these  components. 

8uch  an  opportunity  as  is  at  present  given  at  the  Vienna  Exhibition 
for  the  study  and  comparison  of  various  sorts  of  iron  is  very  seldom 
offered,  and  never  again  perhaps  will  such  a  perfect  series  of  samples 
of  iron   and  steel  from  all  parts  of  the  world  be  found  collected  to- 
gether as  at  present  at  Vienna.     Examining  now  these  various   sorts 
of  iron,  it  will  be  acknowledged  that  to  produce  a  certain  class  of  cast- 
ings, the  pig  iron  forming  the  charges  of  the  cupola  or  melting-furnace 
should  be  selected  and  examined  with  the  same  care  as  the  ores  for  the 
charges  of  a  blast-furnace;  but  while  in  the  latter  case  the  nature  and 
quality  of  the  ores  to  be  used  are  thoroughly  investigated  before  being 
fed  into  the  furnace,  the  iron  for  the  cupola  is  but  too  generally  exam- 
ined only  slightly  and  superficially,  and  a  microscopic  examination, 
which  would  offer  some  reliable  data,  is  seldom  resorted  to.    Instead  of 
this,  however,  the  quality  of  the  iron  is  estimated  from  the  place  of  its 
production,  and  if  the  nature  of  a  certain  brand  of  iron^  supplied  by 
known  iron-works,  has  once  been  ascertained,  itr  is  generally  taken  for 
granted  that  all  further  supplies  from  the  same  works  will  have  the 
same  qualities.  Where,  however,  (as  is  generally  the  case,)  the  charges 
of  the  blastfurnace  are  not  always  the  same,  the  iron  produced  should 
be  chemically,  or  at  least  microscopically,  examined  before  being  used 
in  the  cupola  for  the  production  of  castings  of  a  given  quality. 

This  matter,  which  is  of  such  great  importance,  has  hitherto  been  so 
little  or  so  seldom  cared  for,  that  the  present  writer  desires  to  direct: 
especial  attention  to  his  own  experimental  observations,  in  the  hope  tha^ 
19  I 
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Other  profesBional  men  will  also  take  some  interest  in  the  development 
of  this  important  subject  The  importance  of  this  matter  for  the  whole 
of  the  iron  and  steel  indnstry  will  be  distinctly  seen  in  the  diversity  of 
the  conditions  of  the  various  sorts  of  Bessemer  pig  after  the  changes  in 
the  different  stages  of  the  Bessemer  process,  and  a  comparison  of  the 
processes  brought,  at  the  Vienna  Exhibition,  before  the  public  is  highly 
interesting. 

While,  for  instance,  the  gray  Swedish  Bessemer  pig  changes  ander 
the  slightest  treatment  quickly  at  first  into  spiegeleisen,  the  Bessemer 
metal  exhibited  in  the  various  stages  of  treatment  by  Ockhowo,  Gov- 
ernment Ekaterinoshan,  (Bussia,)  shows,  even  in  the  higher  stages  of 
the  Bessemer  process,  still  some  graphite.  With  respect  to  the  foundery , 
the  iron  containing  carbon  in  a  fixed  state  cannot  be  cast  well,  (the  ap- 
pearance  of  the  malleable  cast  iron  should  be  considered,)  nor  does  it 
allow  of  any  working  treatment,  and  is  thus  not  so  good  as  that  (accord- 
ing to  the  opinion  expressed  above)  consisting  of  a  mixture  of  wrought- 
iron  crystals  and  graphite ;  it  is  therefore  of  great  importance  for  the 
fonndery  that  a  pig-iron  should  be  used  which  has  not  the  qaalities  of 
the  Swedish  iron,  but  that  of  the  iron  exhibited  by  Ockhowo. 

It  has  to  be  considered  that  the  iron,  having  become  fluid  in  the 
higher  temperatures  of  the  ordinary  cupola,  has  to  pass  in  its  descent 
through  the  current  of  air  still  saturated  with  oxygen,  that  it  is  subjected 
to  an  alteration  similar  to  the  fining  process,  and  that  it  will  become 
white  and  hard  if  the  formation  of  graphite  has  not  been  reconstituted 
by  the  abundance  of  carbon.  In  connection  with  this  matter  we  may 
mention  the  cupola-furnace  invented  by  Herr  Krigar,  of  Hanover,  this 
furnace  being  constructed  so  that  the  molten  iron  is  withdrawn  from 
contact  with  the  coke  and  blast,  the  hearth  for  receiving  the  iron  being 
to  one  side  of  the  furnace  and  not  directly  below  the  crucible  as  usual. 
When  this  furnace  has  been  correctly  put  up,  its  use  has  always  been 
attended  with  an  economy  of  coke;  but  this  is  not  its  only  advantage. 
A  leading  feature  is  the  decrease  of  the  danger  of  producing  white  and 
hard  iron.  Hence  in  a  furnace  on  Krigars  system,  a  larger  percentage 
of  coke  iron  may  be  added  to  charcoal-iron  without  producing  a  white 
metal  than  is  po:*sible  under  ordinary  circumstances.  In  fact  in  Krigar's 
furnace  a  suitable  metal  for  art-castings  may  be  obtained  by  the  use  of 
coke-iron,  although,  of  course,  charcoal-iron  is  always  to  be  preferred. 

In  support  of  the  opinion  that  no  iron  having  an  inclination  to  get 
white  should  be  applied  for  art-castings,  we  may  refer  to  the  fine  iron 
castings  exhibited  by  Kastorgonieff,  of  the  ITsines  de  Kischtim,  near 
Perm,  in  the  Ural,  (Russia,)  which  have  been  produced  by  previously 
submitting  the  iron  used  for  them  to  a  trial  in  open  sand-molds,  when 
it  was  first  determined  that  the  iron  would  not  get  white,  but  would 
remain  gray ;  if  this  was  not  the  case  it  was  not  used. 

It  is  further  certainly  erroneous  to  suppose  that  a  large  percentage  of 
phosphorus,  which  tends  to  make  iron  become  white,  is  especially 
advantageous  for  art-castings,  and  this  opinion  is  only  correct  in  so  far 
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that  the  normal  working  of  a  blast^fornace  asing  limonite  ores  produces 
an  iron  free  from  "  kish"  or  iron  froth,  and  which  is  of  a  very  fluid 
natare,  penetrating  sharply  into  every  form,  although  it  is  hard  and 
possesses  the  necessary  strength. 

This  quality  and  that  of  other  sorts  of  iron  corresponds  exactly  with 
their  point  of  fusion,  and  many  occurrences,  often  of  considerable  disad- 
vantage, depend  upon  it;  among  the  most  disadvantageous  is,  how- 
ever, that  of  the  so-called  burning  {Anhrandes)  which  shows  itself  by 
rough  or  file-like  surfaces,  which  take  away  from  the  castings  all  fineness 
and  exactness,  and  make  them  look  imperfect  and  almost  useless.  A 
closer  examination  shows  that  these  rough  surfaces  have  been  produced 
by  the  accumulation  of  small  projections,  which  partly  cover  the  casting, 
and  with  a  certain  thickness.  This  appearance  is  entirely  independent 
of  the  molder's  work,  andifthe  latter  has  been  executed  as  carefully  as 
possible,  and  the  best  casting  might  have  been  expected,  the  surfaces 
are,  nevertheless,  covered  with  projections  and  grains.  The  reason  tor 
this  can,  therefore,  only  be  in  the  quality  of  the  iron.  It  has  been  en- 
deavored to  ascertain  the  reason  for  this  chemically,  and  it  is  said  to 
have  been  discovered  that  the  projections  forming  the  rough  surfaces 
were  special  compounds  of  iron  and  other  bodies.  This,  as  will  be  seen 
hereafter,  is  correct ;  but  it  alone  does  not  explain  the  mechanical  pro- 
cesses that  take  place  in  connection  with  it«  Our  own  opinion  on  this 
matter  is  as  follows : 

The  iron  in  a  fluid  state  will  be  no  homogeneous  body,  but  a  compo- 
sition of  various  compounds  between  iron  and  phosphorus,  iron  and 
sulphur,  iron  and  manganese,  iron  and  carbon,  iron  and  silicium,  &c. 
Each  compound  has,  however,  a  certain  point  of  fusion,  the  one  lower 
than  the  other.*  Now  if  mixtures  which  diflPer  much  with  respect  to 
their  point  of  fusion  form  the  iron,  one  portion  of  the  latter  will  set 
while  the  other  portion  remains  in  a  fluid  state,  this  latter  part  being 
forced  by  the  contraction  of  the  former  portion  through  the  pores,  which 
are  still  open  during  the  red-hot  state  of  this  portion  of  the  iron,  and  in 
this  manner  the  so-called  burning  or  '^  Anbrand  "  is  produced. 

After  having  recognized  this  cause,  it  became  possible  to  produce 
another  sort  of  iron  by  other  charges.  The  writer  is  able  to  show  ex- 
amples of  iron  upon  which  are  to  be  seen  small  balls  of  the  size  of  peas, 
in  consequence  of  the  great  difference  between  the  points  of  fusion  af 
different  parts  of  the  metal.  Many  other  similar  occurrences  might  be 
explained  in  the  same  manner.* 

*  Professor  Graner,  ia  his  article  oa  steel,  Annales  des  Mines,  xii,  vl  serie,  4  liy. 
18G7,  says,  ''From  these  resnlts  (various  analyses  of  pig-iroa)  it  will  be  seen  that  in 
the  yarieties  of  gray  pig-iron  rich  in  manganese  tlie  siliciom  is  mostly  oumbined  with 
the  manganese."  Further :  "  The  analyses  show  that  the  varieties  of  gray  pig-iron 
most  often  contain  more  than  10  per  cent,  of  foreign  bodies,  and  that  their  number 
must  be  very  considerable,  Sto. ;  even  the  white  sorts  of  iron  produced  from  ^piegelei- 
sen,  which  are  acknowledged  as  being  very  pure,  have,  in  reality,  a  very  complicated 
composition.'' 
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190.  A  consideration  of  the  facts  above  stated  showing  that  it  is  de- 
sirable to  possess  some  simple  mode  of  determining  the  relative  points 
of  fusion  of  different  classes  of  iron,  Mr  Schott,  the  director  of  the 
celebrated  Ilsenberg  Foundery,  some  years  ago  devised  the  following 
method,  which,  although  of  course  only  capable  of  affording  approxi- 
mate results,  he  has  found  answer  well  in  practice. 

An  iron  vessel,  weighing  about  25  kilograms,  is  filled  to  a  certain 
height  with  water,  so  that  it  contains  exactly  48  kilograms.  When 
fluid  iron  is  poured  in,  the  temperature  of  the  water  will  increase  in 
proportion  to  the  temperature  and  the  volume  of  the  iron ;  and  this  in- 
crease of  temperature  is  then  applied  for  determining  the  relative  points 
of  fusion  of  the  various  sorts  of  iron  in  the  following  manner : 

After  having  measured  the  temperature  of  the  water,  a  portion  of 
fluid  iron,  as  taken  from  the  blast-furnace  or  the  cupola,  is  poured  into 
it  as  quickly  as  possible.  The  water  is  then  stirred,  when  the  tempera- 
ture is  again  observed.  The  water  is  now  carefully  tapped  off,  and  the 
iron  is  taken  out,  dried,  and  weighed.  The  weight  is  thus  obtained 
which  at  a  certain  temperature  produced  the  observed  increase  of  the 
temperature  of  the  48  kilograms  of  water.  Various  degrees  of  heat 
will  produce  various  differences  of  temperature,  but  as  it  is  not  always 
possible  to  use  equally  large  quantities  of  iron,  while  the  results  are  in 
proportion  to  these  quaotities,  the  following  formula  has  been  found  to 
give  the  relative  weight  for  a  certain  degree  of  heat  of  the  iron : 

Let  the  quantities  of  water  used  in  two  experiments,  carried  out  in 
the  way  above  described,  be  represented  by  W  and  w  respectively,  and 
let  also  I  and  i  be  the  corresponding  quantities  of  iron  used ;  T  and  t 
the  differences  of  temperature  produced  in  the  water,  and  H  and  h  the 
quantities  of  heat  imparted  to  the  latter  per  unit  of  weight  of  the  iron. 
Then  evidently 

WT     wt 


H::fe  = 


Bat  the  quantity  of  water  is  constant,  or  Wsstr,  therefore 

H :  A  =  ^ :  t  or  H  :  ^ =T  I :  f  L 

whence  it  follows  that,  if  we  give  the  result,  H,  obtained,  in  any  one 
instance  a  certain  standard  value,  the  corresponding  value  of  A,  derive<l 
from  another  experiment,  will  be  given  by  the  simple  formula : 

,  _H  xtxl 

Iff  —  — j^ ;; — . 

T  X  * 

It  is  evident  that  H  and  A,  instead  of  being  expressed  in  pound-de- 
grees  of  heat  given  out  per  unit  of  weight  of  iron,  may,  for  practical 
pnrposes,  be  more  conveniently  expressed  by  the  degrees  of  tempera- 
ture representing  the  respective  melting  points,  and  this  is  really  what 
isdone  at  Ilsenberg,the  temperature  of  l)200degreesBeaumur(2,732  deg. 
Fahr.)  being  taken  as  the  standard  value,  while  differences  of  tempera- 
ture of  370  degrees  Reaumur  (864^  deg.  Fahr.)  have  been  foand*    It  is 
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to  be  noted  that  tbis  mode  of  estimating  relative  melting  points  takes 
uo  account  of  tbe  latent  beat  set  free  during  tbe  solidifying  of  tbQ  iron, 
but  regards  all  tbe  beat  imparted  to  tbe  water  as  if  it  were  merely  due 
to  tbe  sensible  beat  abstracted  from  tbe  iron  during  its  cooling  down 
from  tbe  melting  point.  No  doubt  tbis  fact  introduces  an  error,  wbile 
other  errors  may  be  induced  by  the  want  of  care  in  pouring  the  iron 
into  the  water  just  before  setting;  but  these  errors  do  not  affect  tbe 
value  of  the  system  as  a  rough-and-ready  practical  method  of  ascer< 
taining  tbe  relative  fusion  points  of  different  samples,  and,  as  we  have 
said,  it  has  been  found  effective  and  useful  at  the  Ilsenberg  foundery. 
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TABLE  SHOWING  SEVERAL  MARKS  OP   SWEDISH  IRONS* 


Mark. 


S:    B: 

ICP 


AB 
PSL 


CJF 


k3x 


ER 


(@) 


® 
@ 


® 


Name  of  works. 


Post-office. 


Auuasl 

prodactioD 

in  tons. 


Principal  ores. 


PROVINCB  OF  NOBRBOTTEN. 


I'ROVINCE  OF  WBSTKRBOTTEN. 


Hornefors 


Olufsfors . 


Umnea 


Nordmaling 


Robertsfors Anfisen 


Sftfyare Umnea 


From  middle  of  Sweden. 


Id. 


Id. 


PROVINCE  OF  WESTER  NORLAND. 


BJ5rk&  ... 

Forsse 

Granlnge . 

Sollefte&.. 

GaltetrSm 


Glde&. 


G&hli^o. 


L5gdo 


Matfors. 


Norafors  ■ 


I 


Sdrfors,eto. 


Torpshammar 
We8ttan&  .... 
Aviken 


Kyland 

sVvl 


J^Nyland 

Sands  vail 

OrnskSldsvik . 

Nyland 

Snndswall 

Id 

Id 

Id 

Id 

HernSsand 

Snndswall .... 


150 
1,400 

380 
350 
170 
175 
SOO 
175 

600 


From  Lenaberi;,Norberg, 
and  nt6.: 

Id. 


From  Ut6,  Biapbcrg,  etc. 


830 
340 
130 


From  Lenabers.  Norbcr;;, 
and  Utd. 

From  Stochensttoro,  Uto, 
etc 


From  Staf. 


From  Roslag. 


*  Seprinted  ftcm  the  Report  on  Iron  and  Steel  at  Paris,  1867,  by  A.  S.  Hewitt. 
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:  b!;  e 


Ll^^ 


K:  P; 


HP   VP    CP 


CKTO 


D£  4  C:o 

@ 


vBC, 


ST       @) 


BM 


© 


Andersfors 


! 


Axmar 


Forsbacka,  (for  steel) 


Gamelstilla 


GrSnziuka 


Gysinge ... 
Hammarby 


Kungsfors  and 
Ubrfors 


> 


Hofora. 


MoDtros 

Bobertabolni , 


I 


Hogbo  and 
Sandviken . 


1 


(For  gQD-barrelB.) 

J-Kihlafors 

(For  Bteol.) 


^IJusne. 


L&ngrind 


Mackmj'ra. 


Orkelbo. 


OelSttfon. 


Str6m. 


Svabensverk , 


M 


Tolffors. 


Wozua. 


Foflt-ofBce. 


Annual 

prodbctioD 

in  tonn. 


Principal  ores. 


PHOVINCE  OF  GRFTJSBOIIG. 


Hudikavall . , 

Gefle 

Gefle 

Thors&ker . . 

Gysinge  — 
Id 


>  Tbors&ker 


Gefle 


S^derbamn 


Id 


Id 


Gefle 


Id 


Id 


Hudikswall. 


Falan. 


Gefle 


BoUnfis 


ISO 


1,100 


850 


From  Uto,  Enkim,  etc. 


From  Tuna,    Hartberg, 
etc. 


430     From  Bi  spberg,  Norberg, 
and  Thoro&ker. 


440 


940 


2,300 


From  Norberg,  etc. 


From  Dauneroora. 


From  Bispberg,  Korberg, 
and  Tborsiker. 


1,100 


430 


680 


370 


1,500 


(KK) 


720 


550 


From    Bispberg  and 
Tboi-s&ker. 


From    Hammarim    and 
Norberg. 


From  Norberg,  Ut5,  Stri- 
burg,  DannemoHK  etc. 


From  Wigelsbo,  Uto,  and 
Herrling. 


From  Yin^em. 


From  Bispberg,  etc. 
From  Ostanberg,  etc. 


From  Vintjern. 


960     From  Bispberg. 


630 


From  Gym&a  and  Sdrs- 
kog. 
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Mark. 


Name  of  works. 


Post-office. 


Annaal 

prodnction 

in  touo. 


Principal  ores. 


© 


H^*! 


oo 


© 


® 


1/  V  N 

N.  A  ^ 


Elfkarled. 

Griino 

Leufsta . . . 
Stromberg 
SSderfora . 


Wattholma 
Osterby.... 


Forsmark. 
Skebo 

.Harg 

R&niia  .... 


Avesta 


t 


Dalfors 


D&dras 


Fredrikaberg 


Fredshammar. 


Farndal. 


Garpenberg. 


«H 


((f)         (ct 


* 


••▼♦:  (F/J 

K 


MS 


M/ 


Gravendal 


PBOVINCK  OF  UFSALA. 


From  Dannemora. 


PBOVIKCE  OF  STOCKHOLM. 


Tierp 

Norrteye ... 

Ostharamar 
Stockholm . , 


From  Dannemora. 
Id. 


PROVINCE  OF  6T0RA  KOPPARBBBO. 


Grangshammer 


Hagge 


Homdal 


Kloeter 


Avesta 


Gagnef 


Falon. 


Gagnef 


Mora 


Gagnef 


Avesta 


Gagnof 


S&ter 


Suec^ebaoken. 


Avesta 


Hedemora 


180 

470 

350 

1,100 

770 

650 


860 


1,100 


1,100 


1,400 


510 


940 


From  Hamsart,  Sdrskog, 
and  Oym&s. 

From  VlDjarn  and  Skin- 

narftng. 
From  Byberg  and  Gran- 

gesberg. 
From  Ahl,  etc. 

Brom  Ahl  and  Hanusarf. 


From  Bispberg  and  L&ng 
vik,  etc. 

From  Gr&ngesberg. 

From  Grfisberg,  etc. 

GrSngesberg. 

From  Bispberg,  etc. 

From  Bftllingsberg. 
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Mark. 


■  • 


•  • 


■ps:      :ps) 


•W^KA^ 


•i\i5» 


^W 


i 


O0S 


I 


(DLFi 


GRU 


Name  of  works. 


Kloten  and 


GranhiHt  . 
)  Korsft  and 
)  Svartn&s. . 

Larabo 


Lim&  and 
Hfonk 
LiDdennaea 
Sno& 


Ludvika , 


L&ng5 


Malingtbo 


Norn 


(  NorB&  and 
(Oloftfors.. 


Njb&mmar 
SiUanafors . 


•I 


B 


©©^ 


.•*•.. 


«^«,«ii,»H] 


X 


Syemsnnd , 

Tbnrbo  and 

> 
Wikmanshyttan . , 

(Cast  sMel.) 


Bagg& 


Bemtshammar . 


BJarfors 


Engelsberg 


Fagersta. 


I 

! 


Fema. 


Post-office. 


Kdping  or 

Ramsberg  . 
Falan , 


Sme^ebacken 


SGagnef 
Falnn.. 


Gagnef 


Smedjebocken 


Mora 


Wlk 


Hedemora 

>  Sme<J|jebocken 
Id 


Mora 


Hedemora 


Hedemora 


Annual 

production 

in  tona 


980 

1,600 
600 

990 

1,500 
900 

1,600 
S70 
510 
280 

330 

1,600 

280 

280 
760 


Principal  ores. 


From  Gr&ogesbenr.  Lom- 
berg,  and  Kamsber };. 


From  Vintjern  and  Skin- 

narftng. 
From     Ostanberg,   Nor- 

berg. 

From  Tana  H&ttberg. 

From  Gr&sberg. 
From  Sommarberg,  etc. 


From  Ivike,  Frammund* 
berg,  Fiunfts  and  H&ks- 
berg. 


From  Grangesberg,  etc 


From  Bipsberg. 


From   Grfingeaberg  and 

Ivike. 
From  Sorskog,  ot«. 

From  Bispberg  and  Nor- 
berg. 

From  Bispberg  and  Nor- 
berg. 


PROVWCE  OF  WE8TBRA8. 


KSping 


Id 


Norberg 


Id 


Id 


K6ping 


470 

From  Griiaberg  and  Uj- 

berg. 

410 

270 

From  Norberg. 

320 

Id. 

1,200 

Id. 

1,700 

From  Grasberg,  Nyberg, 

and  Grlingesberg. 
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Hark. 


GBR  ;IM;(iai 


c\ 


(Jf) 


p'bj 


WW 


iSP; 

^  • ' 

Ge    GH 

V...'        \C./ 


®  @ 


•  •• 


® 


®  .....  ® 


[BFC 


IGK*) 


@ 


Name  of  works. 


Gislarbo 


Hallstahammar 

HSgfon  and  Perabo. 
JMer 


*  Kannansbo,  etc 


KolsTa 


Ramgis. 


Seglingsberg. 
Skattmanso . . 


Skinnakatteberg 


Sarahammar . 
Svan& 


Tr&ngfors. 


Utteraberg 


Weataofora 


Wirsbo 


Aapa 


Bofora 


Bohr. 


Bred^S 


Brefven, 


B&ng8me4jan 


Post-offioe. 


Kdpiog 

Stromsholm.. 

Norberg 

Arboga 


Koping 


KSping 


Weeter&B 


Id 

Bnkoping. 

Koping ... 


Westerfts 
Id 


Stromsholm. 


K5ping 


Norberg 


Weeter&s 


Aunoal 

production 

in  tons. 


900 


450 


250 


380 


1,300 


1,200 

940 

430 
260 

<»0 

1,400 

760 

190 
340 
190 
430 


Principal  oren. 


From  Riddarhytta. 


From  Norberg. 


From  Norberg  and  GrttU' 
geaber|i;. 


From  Stripa,  etc 


From  Ontanberg,  etc. 


From  Korberg. 


From  Blll^|6  and  Nor- 

berg. 
From  Norberg. 

Id. 


From    Grftsberg,   Tysk- 

grafva,  etc. 
From  Norberg. 


FBOYIKCB  OF  OBBBBO. 


Askersnnd...., 


Cariskoga. 


Lindesberg  . . . . 


Nora. 


KilsmoW.SwB. 


NyaEopparberg 


490 


1,000 


160 


170 


350 


140 


From  Nora. 


From  Persberg  and  Nora. 

From  Lomberg,  etc 

From  O^JSberg,  GrOndal, 

etc 
From  Nora  and  Lanna. 

From  Lomberg,  etc. 
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6 


HSUh  C 


Hasaelfors 


1 


>  Hellefora 


© 

••  •• 

pv 


HSgtbrs. 


Lass&na 


Lax& 


Peterafora 


Ramsberg 


cws 


Mn 


® 


Ramshytta 


Rookeabolm 


Bockhammar 


Sikfora 


Skogaiholm 
Skyllberg . . 


PoBt-offlce. 


Atorp 


EegerfowN.W. 

S.B. 
Nora 


Arboga 

Ramsberg 
Arboga . . . 


o 
£ 

s 
s 

o 


a 

o 
O 


Id 


Nora. 


Orebro 

P&Isboda  W.  S. 

B. 
Id 


Annual 

prodnction 

in  tons. 


Id 


Nora. 


Haaaelfort    N. 
W.S.B. 

Grythyttehed. 


Ny  a  Kopparberg 


Lax&W.S.B...' 


Id 


Nora 


Bamaberg. 


Id 


Nora 


Arboga 


Grytby  ttehed . . 

P&laboda  W.  S. 

B. 
HalUberg  W.S. 

& 


Principal  ores. 


150 
850 
790 
390 
S70 
1,050 

130 

960 

1,020 

310 

890 

1,000 

600 

9,810 

190 
430 
850 
190 
150 
140 
960 
1,050 
150 
510 
800 


From  Balkarlsberg  and 

Striberg. 
From  PersbergiDalkarls* 

berg,  Striberg  Sc  Yiker. 
From  HSgbom. 


Prom    Ramaberg    and 
Persbytt*. 


From  Perabytta  and  Mo- 

graf  va,  eto. 
From  Nora. 

Id. 

Id. 

From  Hagby,  Lerberg, 
etc. 

From  Dalkarlaberg,  Stri- 
berg, and  Yiker. 

From  Lomberg  and  Svar- 
▼ik,  etc 

Id. 

From  Nora. 

From  Dalkarlaberg,  Stri- 
berg, and  Viker. 
From  Jembofta. 

From  Str&aaa  and  Blanka. 

Id. 

From  Skftrhytta  and  Hog- 
born. 

From  Stripa,Moaagnefra, 
etc. 

From  Flnnberg,  etc. 

From  Nora. 
From  Nora. 


MARKS   OF   SWEDISH   IRON. 


301 


Muk. 


HC  ;E  )  (Sift 

•   ..•••._  ••••     .  ...  ••••• 


BS 

'V-: 

IK 
© 


BGGi 


K  / 

A 

OPS 

i 

BFS 

•Slir-. 
«:&; 

(ffi)        (g) 


CN 


Name  of  works. 


Stjemfors..* 

Svart& 

Wal&sen 

Willin^sborg  .., 


Post-office. 


Annual     | 
prm) action ' 
in  tons. 


Principal  ores. 


Nya  Kopparberg. 
Svart&X.W.S.B. 

Cariakoga 

Orebro 


Wretbammar Ramsberg 


Abyb 


am  mar 


Arbo^ 


470 
700 
360 
500 
130 
170 


From  Lombergand  Svart- 

▼ik,  etc. 
Prom  Dalkarlaber;;,  Stri- 

berg,Viker,di:  Persberg. 
Id. 

Id. 

From  Sir&ssa  and  Blanka. 


PBOVINCB  OF  SKAKADOKO. 


Forsvik 

Fredriksfors. 

Lagerfors.... 

Sibbingsfors. 


I 


^  Skagersbolra . 


Karisborg 

Waasbacken 

Mobolm  W..S.  B. 

Mariestad 


Fin1iero4Ja     W. 
SB. 


300  ,  From  Nora. 


970 


300 


350 


430 


Id. 


Id. 


Id. 


Id. 


PROVINCE  OP  CARL8TAU. 


AckhKrn. 
Bada  6  . . 


c  BJSrneborg  and 
(  Jonsbol 


Borgvlk  and 
BniDsberg . . . 


Brattfors,  eta 


Charlottenberg 
Domle 


Bdsvalla. 


>Elf8backa 


AJ-c; 


Fredroa 

Glaafora 

Guatafatrom  . 
Helybodafora 


Christinebuuin. .. 
Sunn 


>Chri8tinebaron. 


I  Carlatad 


Id 


Arvika  . 
Carlatad 
Id 


Carlatad 


Arvika 

Okne 

Grytbyttebed. 


Arvika 


550 
150 

1,000 
S,000 


850 


400 
470 
940 

1,380 

4S5 
340 
550 
160 


From  Filipatad. 
Id. 

From  Peraberg,  Dalkarla- 
bcrg,  Strebergj&yiker. 

From  Peraberg. 


Id. 


From  Peraberg  and  Nora. 

From  Filipatad. 

Id. 


From  Nordmark  and 
Finabytta. 


From  Peraberg.  BJorn 
hdjde,  Fagerberg,  and 
L&ngvan. 
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Mark. 


K: 
cm  KB 


P\ 


BE 


UvA 


OPS 

c 


RF,GF,IE,UF. 

NMl 


K:   PjG 

K*     OL 


iSJl) 

OAS 


LNS 


NM. 


s 


AB 


Nm 


INN 


•RD;  •  R  Hj  (^ 

®      © 
Ctf       SB 

..... 

cv  uc 


Name  of  works. 


H&kanbol 


Hogfors . 


Kols&ter . 
Kroutorp 


LlnnartsforB 
Le^ofors  ... 
Lethafora 


Lidefoni  0. 


Lidefora  N. 


Lindfors. 


Ldfstaholm 


Mitanderafors 


Molnbaoka 


Niclaadam 


Noreborg 


Noram 


Qvamtorp , 


Kans&ter  0 


Ransftter 


Rans  er  N 


Rottnedal. 


Ramen  orLyendal 


^Stx>rfor8. 


StSmned]. 


Svaneholm. 


Poet'offlce. 


Atorp 

Sonne 

Okne 

Chrintienhamn 

(>kne 

FlUpstad 

R&da 

Atorp 

Id 

Carlatad 

Sonne  

Id 

Carlstad 

Christlnehamn. 

Arvika 

• 

Carlstad 

Id 

Id 

Id 

id 

Sonne  

Filipstad 

Christinebamn. 

Carlstad 

Am&l 


Annual 

production 

in  tons. 


330 


630 

310 
370 

800 
1,900 
930 
150 
160 
850 
980 
300 
850 

980 
140 

150 

170 

160 

180 
160 
640 
680 

1,530 

960 
460 


Principal  ores. 


From  Dalkarlsberg. 


From  L&ngban  and  Pers- 
borg. 


From    Dalkarlsberg  and 

Striberg. 
Id. 

From  Persberg. 


From  Persberg. 


From  L&ngban,  Persberg, 
and  Filipstad. 

From  Persberg  and  Ky- 
kroppa. 


From  Filipstad. 
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CD) 


IGE 

(Ak)      GM 


BUckefoiti... 
Chriatinedal 


Forebocka 


KB) 
© 

® 

S9 


m 

i 


Kollerd 


Upperad 


Forasa. 


Forays  . 
Kr&mbol 


N>by 


NykSping. 


Mark. 

Name  of  works. 

Post-office. 

Annaal 

production 

in  tons 

1,230 
630 

4,300 

230 
170 

Principal  ores. 

A 

@    @ 

© 

S&lboda 

Arvika 

Sonne  

From  f  ersber^. 

• 

Thorsby 

'  Uddebolm 

B&da 

From  Taberg,  Nordmark, 
Persbarg,  and  Ltogban. 

1 

Wassg&rda 

Christinehamn 

Sonne 

WJlz«i6for8 

PROTIHCB  OF   ELF8BORO. 

AmU 


Id 


Id 


XJddeTalla 


Wenersborg 


1,990 
4«0 

390 

700 
390 


From  Persburg. 


PROVINCB  OF  NTKOpIVO. 


Skepsta,  (steel) 


Smedatorp 


Vii& 


KatrinebolmW.S.B 
Id 

Id 

Tborsb&Ila 

NykSping 

Bjdmlanda  W.  &  B 

Malmk6ping 

NorikSping 


900 
310 

830 

340 

630 

350 

170 
900 


From  Skalnnda,  etc. 


SVom  Staf. 


PROVIKCB  OF    OflTKBOOTLAMD. 


BR 


Bor>;g&rd 


Borkhalt. 


l^Jellmo, 


Sdderkdping 


900 


.    190 


From  nt5,  etc. 
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Mark. 


Bb 

®  ■ 


tGE      N:G 


C:F: 

•• — 

CDB 
H 

® 


E 


Name  of  works. 


Post-office. 


Boxholm . . , 


Bor^KJSl 


>  FiDSpOQg  . . 


Boxholm . . . 


Norrkoping 


Id 


FolkstrSm TJellmo 


Godeg&rd 


GrytKJSl 


Halt 


H&fla 


Hattorp. 


LJang. 


Lemne&. 


MotalaWerkstad 


SkSnnarbo 


SoDstorp . 


Hallsberg  W.  S.  B. 


Tjellmo 


Norrkoping 


Id' 


TJellnio . 


Linkoping 


Tjellmo... 


Motala 


Tjellmo 


NorrkSping 

* 


Annual 

production 

in  tons. 


640 


160 


3,200 


Principal  orosi. 


From   Upsala.  Rttilnv;;, 
Ul6,  etc. 


510 


270  I  From  Nora  arnl  Smna. 


180 


250 


600     From  Xora. 


170 


550 


310 


2,100 


380 


550 


PROVINCE  OF  CAI.MAR. 


Ankarsmm... 


Ed. 


Falsterbo 


Fogelfors 


Tofrernm. 


Ofverrum 


Westervik 


Sdderkdping 


Westervik. 


SUby... 


Wimmesby 
Atvidaberg 


890 


280 


960 


310 


170 


350 


From  Steubo,  Narttup, 
S^dsa,  Herr&Dg,  atid 
Norberg. 

From  Steubo,  HerrUn*;. 
Uto,  and  Nartorp. 

From  Skramstad.ObaU'ii. 
and  Uto. 

From  Striberg  and  8.1  hi- 
sta. 


From  SJdsa,  ITtfi,  Stent- 
oKa,  Olofsmm,  etc. 
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Mark. 


9i 

\M\ 

ar- 

gg)  :•:»•:• 

# 

® 

!fN 

Name  of  works. 


Eokersbolm. 


Guthafors. 
'  Horlfr 


Lindefors. 
Nisnafors . 


CAB) 


Soksholm. 


,  Klafrestrom 


Leftsebo.. 
Orrefors 
Stenfors  . 


,  SiifsjoBtrSm. 


Post-office. 


Annaal 

production 

in  tons. 


Principal  ores. 


PROVINCE  OF  J5nkOPINO. 


Wernamo. 


Wrigstad . 
Jdnkoping. 


140 
180 
390 

'290 
370 


From  Tabcrg. 

Id. 

Id. 

Id. 

From  Taberg  and  Nora. 


PBOVINCE  OF  KRONOBERG. 


Wexio. 


Id 


Id 


Id 


Id 


Id 


160 

150 
240 
240 
210 
190 


For  information  as  to  the  prices  and  ]  qualities  of  the  ironn,  one  can  ^rrite  directly  to  the  forges  them- 
selves. For  example :  "  Bmkskontoren  h  Sfif^dstromJ  Wexio,  Sweden  ;"  or  "  BrukBkcntoren  k  Nisea- 
fors,  JonkSping,  Sweden,'*  && 

Bat  as  all  the  marks  are  not  indicated  here,  and  since  all  the  forges  have  agents,  it  will  be  better  to 
ask  the  name  of  their  agent,  who  will  be  able  to  give  all  the  necessary  informaUou. 
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IN^DEX. 


^  Art  Page. 

Akerman's  memoir  on  the  iron  and  steel  of  Sweden 127  152 

on  Besd^mer  process 142  175 

bog-ores  and  limonite 137  167 

cement-steel 143  177 

composition  of  Swedish  ores 147  182 

distribution  of  ores  in  Sweden 129  153 

geology  of  Swedish  iron-ores 134  158 

locality  of  greatest  production 146  182^ 

Martin  steel 143  177 

means  and  methods  of  transportation ^ 139  171 

methods  and  cost  of  mining 136  165- 

production  of  iron-ore 135  1G2 

pig-iron .  138  168 

pnddling  process 141  175- 

rolling-mills 144  177 

sources  of  fuel 130  154 

statistics  of  iron  and  steel  industry  in  Sweden 145  178 

Swedish  iron-making 128  152 

transportation 131  155 

use  of  English  coke 132  156 

water-power  in  Sweden 133  157 

wrought-iron  and  steel : 140  172 

Algerian  ores  and  mines 106  128 

Arrangement  of  French  exhibits 92  118 

Art  castings 

Artillery,  exhibits  by  Krnpp Gl  76 

Austrian  display  of  iron  and  steel,  extent  of 4  5 

Empire,  iron  and  steel  industry 4  5 

Awards  in  1867.... 95  121 

Bessemer  process,  Akerman  on 142  175 

stdbl  in  the  Alpine  country,  Austria 14  15 

Blast-furnaces,  Buttgenbach's 62  82 

European,  dimensions  of 24  41 

Bloomaries  in  Bohemia,  Moravia,  and  Silesia 21  19 

Blowing-engines 114  136 

Bochum  cast-steel  bells 1 86  112 

works 80  111 

coal-mines 81  111 

coke  blast-furnaces 83  111 

furnaces 84  111 

iron  mines 82  111 

mining  and  steel  works 7^  110 

steel  castings 85  112 

Bog-ores  and  limonite,  Akerman  on 137  167 

Borsig's  exhibit .• 45  59 
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Art.  Page. 

British  exhibitors,  principal 154  224 

exhibit,  character  of 152  223 

exports. 153  223 

iron  and  steel  industry .• 152  223 

Burbach  Works 57  65 

Battgenbach's  blast-furnaces 62  82 

Carinthian  furnaces,  sections  of 23  21 

Cast-steel  bells,  Bochum 86  122 

in  the  Alpine  country 13  14 

works,  Bochum 80  111 

Chinese  iron-makin«2^ 168  252 

Chnrches  for  work-people  of  Georgs-Marien-HUtte  Company 68  101 

Club-honses  of  Georgs-Marien-HUtte  Com  pany 76  106 

Coal-mines,  Bochum 81  111 

Coal,  Jlussian  production  of 151  217 

Cookerill  Company  of  Seraing,  history  of  the 110  131 

Coke  blast-fornaoes,  Bochum 83  111 

furnaces  at  Bochum 84  111 

Courts  of  j ustice  of  Georgs-Marien-Hiltte  Company 71  102 

€reu80t ;;  Schneider  &  Co 91  118 

Dlllinger  Company,  exhibit  of 46  60 

Ehrenwerth's  puddler 33  50 

Essex  County  (New  York)  iron-ore 161  236 

JBxhibits,  artillery,  by  Krnpp 61  76 

Austrian,  neatness  of  arrangement  of 6  7 

Belgian,  and  production  of  iron  and  steel 107  129 

British,  character  of ,  production 152  223 

Dillinger  Company 46  60 

French,  production  of  iron*and  steel ,  90  116 

German,  extent  and  arrangement  of * 36  55 

Oleiwitz  furnace 89  114 

Judenberger  Iron-Works 31  49 

machinery,  by  Kmpp 60  72 

Resicza  State  Rail  way 26  46 

Rositzer  Mining  Company 30  48 

Styrum  Company 47  60 

Swedish,  character  of  the 130  141 

United  Konigs  and  Laurahiitte 49  60 

United  States,  character  of 158  234 

various ' *%*  105  127 

Exhibitors,  German,  number  of 44  59 

Fagersta  iron-ores  and  limestone'.^ 122  142 

steel,  experiments  by  Kirkaldy 124  147 

gun-barrels 123  144 

plate,  tests  of 125  150 

works,  exhibit 121  141 

Ferro-manganeso  of  Resicza 27  46 

Laibach 29  48 

Forging,  hydraulic 34  53 

Forged  cranks,  Haswell's 184  270 

Forms  assumed  by  furnaces  after  long  working 25  41 

Fonnderies  in  Bohemia,  Moravia,  and  Silesia 19  19 

Furnace,  Gleiwitz,  exhibit  of  the 89  114 

Geology  of  Swedish  iron-ores 134  158 

Georgs-Marien-HUtte  Company 64  94 
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Gormau  Empire,  display  of  iron  and  steel 36  55 

exhibits,  extent  and  arrangement  of 36  55 

production  of  iron  and  steel 37  55 

Girders  and  columns,  iron 56  64 

Gleiwitz  furnace,  exhibit  of 89  114 

Growth  of  the  German  iron  and  steel  industry,  graphic  illustration  of . . . .  42  57 

production  of  iron  and  steel 39  56 

steel-making 40  56 

Hamm  wire-works 52  62 

Haswell's  apparatus  for  forging... 176  258 

cylinder-heads 182  267 

exhibit  of  locomotive  hydraulic  forging 174  257 

forged  cranks 1 184  270 

hydraulic  forging,  the  process  of --..  177  258 

press 178  259 

link-motion  blocks 181  262 

■ 

method  of  hydraulic  forging 175  257 

solid  locomotive  wheels 183  267 

wrought-iron  cross-heads 179  259 

journal-boxes 180  262 

Houses  for  work-people  of  Georgs-Marien-Hiltte  Company 66  9B 

Hospitals  of  Georgs-Marien-Hlltte  Company 73  104 

Hot  blast-stores,  Whitwell 155  225 

Hydraulic  forging 34  53 

Industrial  schools  of  Georgs-Marien-Hutte  Company 69  101 

Inyestigations,  scientific,  of  the  quality  of  iron  and  steel 100  125 

Ilsenburg  cast-iron  art-work , 187  276 

iron,  its  quality 189  283 

molding-sand 188  279 

temperature  of  fusion 190  292 

Iron  and  steel  forgings 117  138 

making,  Russian,  statistics  of 149  208 

of  British  India 170  253 

works,  Osnabriick 63  92 

girders  and  columns 56  64 

industries  of  Bohemia,  Moravia,  and  Silesia 16  16 

linings  for  shafts  of  mines 104  127 

making  and  ore  extracting,  Prussian 41  56 

Chinese 168  252 

manufactures  in  Sweden 127  152 

mines,  Spanish ^..  148  207 

ores  and  limestone,  Fagersta 122  142 

ores  and  steel  of  Japan 167  251 

Indian 172  255 

production  of  the  United  States,  statistics 166  24 1 

shoes  for  railway-brakes • 48  60 

wire  from  Westphalia 50  60 

works  and  mining  property  of  the  Cockerill  Company 110  131 

Russian 150  210 

Jadenberger  iron-works,  exhibit  of 31  49 

Kmpp,  Friedrich,  exhibits  of  artillery  by 61  76 

machinery  by 60  72 

worksof 59  69 

Laibach,  ferro-manganese  of 29  48 

Lake  Superior  ores , 159  224 
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Libraries  of  Georgs-Marien-Hiitte  Company 1 70  102 

Link-motion  blocks,  HaswelPs 181  262 

Lippstadt  wire-works 54  63 

Locomotive  engines 115  137 

Lodging-houses  of  Georgs-Marien-HUtte  Company 75  105 

Marine  steam-engines  and  machinery 113  135 

JIartin  steel 143  177 

in  the  Alpine  country 15  16 

Mining  and  steel-works,  Bochum 79  110 

of  iron-ore  in  Bohemia,  Moravia,  and  Silesia 17  17 

methods  and  cost  of,  Akerman  on 136  165 

property  and  iron-works Ill  132 

Nachrodt  wire-works 1 53  62 

Ore  and  furnace-charges 28  47 

Swedish,  composition  of 147  182 

Ores  and  mines,  Algerian 106  128 

Osnabrtick  iron  and  steel  works 63  92 

Park,  Brother  <&.  Company's  oast  steel 160  235 

Pennsylvania  and  Alabama  ores 162  238 

Plate,  tests  of,  Fagersta 125  150 

Production  of  coal,  Russian 157  232 

iron  and  steel,  Austrian 7  8 

in  the  Alpine  region 8  8 

world 2  2 

ore  in  Sweden,  Akerman  on 135  162 

pig-iron  in  the  Alpine  region 9  10 

Bohemia,  Moravia,  and  Silesia 18  18 

steel-works,  Belgian 118  139 

Prussian  iron-making  and  ore-extraction 41  56 

Puddlev,  Ehrenwerth's 33  50 

o 

Puddling  process,  Akerman  on 141  175 

works  in  the  Alpine  region 10  11 

Resilience  of  steels  made  at  Creusot 99  125 

Rock-drills 116  137 

Rod  and  bar-iron  produced : 11  13 

Rolled  tyres : 109  130 

Rolling-mills 144  177 

of  Bohemia,  Moravia,  and  Silesia 20  19 

Rotary  puddling-fnrnaces 32  50 

Russian  iron-works,  production 150  210 

SeDers' high  rolls 165  241 

pnddling-machine 164  239 

^chaltenbrand's  iron  cross-ties • 58  66 

Schools  of  Georgs-Marien-Htitte  Company 67  101 

Siemens' direct  process 156  232 

Soci^t^  Anonyme  des  Hauts-Fourneaux 108  130 

Statistics  of  commerce  in  metals 43  69 

mining 5  6 

production  of  iron  and  steel  at  Creusot • ........  94  12o 

Russian  iron  and  steel  making 149  206 

the  iron-making  industry,  Akerman  on 145  178 

Steel  castings,  Bochum 85  122 

gun-barrels 123  144 

made  in  the  Alpine  country... 12  13 

making,  growth  in  the  German  Empire. 40  56- 


INDEX.  311 

Art.  Page. 

Store  iiuioD,  of  Georgs-Marien-HutteCompany 74  104 

Stynim  Company,  exhibit  of 47  60 

Transportation,  Akerman  on 131  155 

Tom-halle  of  Georgs-Marien-HUtte  Company 77  106 

Water-power  in  Sweden,  Akermanon 133  157 

WhitweU's  hot-blast  stoves 155  225 

Wire-rope  traces 35  54 

Wire-works,  Hamm 52  67 

Lippstadt 54  63 

Nachrodt 53  62 

Berdohl 55  64 

Wootz,  or  Indian  steel 171  254 

Workingmen's  association  of  Georgs-Marien-HUtte  Company 72  102 

Work-people,  care  of,  by  Georgs-Marien-HUtte  Company 65  98 

Wrought  iron  and  steel,  Akerman  on 140  172 

cross-heads.... 179  259 

jonmal-boxes 180  262 

gates  and  railways 186  270 


F. 


METALLURGY  OF  LEAD,  SILVER,  ETC. 


H.   PAINTER. 


VIENNA  INTEENATIONAL  EXHIBITION,  1873. 


REPORT 


ON  THE 


METALLURGY 


OF 


LEAD,  SILVER,  COPPER,  AND  ZINC. 


BY 


nOXORART  COMMISSIONER  OF  THE  UNITED  STATES. 


WASHINGTON: 

GOVEENMENT    PBINTINO    OFFICE. 

1875. 


MBTALLUBar. 


ERRA.TA. 

The  author,  who  has  been  professionally  engaged  in  the  mining-districts  of  the  West, 
did  not  receive  proofs  of  this  report,  and  desires  to  make  the  following  corrections  and 
alterations : 

Page  xui,  line  30,  read  "Tigova." 

Page  XIII,  line  38,  read  *'  Tajova.'' 

Page  xui,  line  46,  read  <*  Eeiohverbleiung/' 

Page  XV,  line  9,  read  "  Nagy  Banya/' 
t^  Page  2,  line  10,  read  **  the  policy." 
r-  Page  3,  line  2,  omit  "  &." 
^  Page  4,  line  6,  read  ''  tetrahedrite.'' 
^  Page  4,  line  13,  for  "  1.45"  read  "  145." 

Page  4,  line  37,  for  "  3.5"  read  ".35." 
vcPage  5,  line  9,  for  "silverized  "  read  "desilverized." 

Page  5,  line  23,  add,  at  end  of  line, "  silver." 

Page  5,  line  25,  read  "  Flachs." 
•    Page  6,  line  8,  insert  a  comma  after  "  zinc."  i 

Page  7,  line  24,  read  "  that  country."         ^  ) 

Page  12, line  7  from  bottom, omit  all  after  "cent." 

Page  13,  line  23,  omit  comma  after  "  iron." 

Page  14,  line  l,omit  "a." 

Page  14,  line  10,  read  "Arabians." 

Page  14, line  27, for  "Russia"  read  "Prussia." 

Page  15,  line  13,  for  0.06 "  read  "  0.6; "  foi:  " 0.11 "  read  "  1.1." 

Page  22,  lines  24-26,  read  "  10.740,000 ; "  "  14,955,000 ; "  "  25,695,000." 

Page  25, line  12,  insert  "cwt."  between  "  127^"  and  "copper." 

Page  27,  line  29,  read  "  for"  after  "  smelting." 

Page  30,  Hue  8,  read  "OKER  SAIGER." 

Page  32,  line  9  from  bottom,  semicolon  after  "  silver." 

Page  33,  line  1,  omit  dash,  and  insert  comma  after  "pipe." 

Page  34,  line  18,  read  "  Erbstollo." 

Page  34,  lines  24-27,  read  "47,505.64;"  "13,070.44;"  "34,433.20." 

Page  35,  line  44, for  " sulphuric  "  read  "sulphurous." 

Page  ;i6,  line  10,  omit  "  two  of." 

Page  37,  line  3  from  bottom,  read  "  smelting." 

Page  38,  line  6,  omit  ",  and  "  and  insert  " ;  as  it." 

Page  38,  line  46,  for  "  0.782  "  read  "  0.0782." 

Page  39,  line  34,  omit  comma  after  "  ore." 

Page  39,  line  35,  omit  "  and." 

Page  43,  lines  19-20,  transpose  the  words  "  upf  er  "  and  "  lower." 

Page  44,  line  10,  for  "  9,400  cwt."  read  "  6,000  kilograms." 

Page  44,  line  13,  for  "  9,600  "  read  "  10,000." 

Page  49,  line  28,  omit  "  1^  "  and  insert  "  1,  5." 

Page  51,  line  22.  for  "  20,000  and  12,500  "  read  "  4,000  and  125." 

Page  58.  line  3,  for  "  millimeters  "  read  "  meters." 

Page  58;  line  47,  for  "  0.003  "  read  "  0.03." 

Page  65,  line  7  from  the  bottom,  for  "  1,000  "  read  "  7,000." 

Page  76,  line  21,  for  "3,500  to  4,000  "  read  "35,000  to  40,000." 

Page  76,  line  31,  for  "  strong  "  read  "  light."  ' 

Page  81,  line  26,  read  "  100  cwt." 

Page  83,  line  43,  omit  "  as." 

Page  84,  line  9,  for  "  oxide  "  read  "  sulphide." 

Page  84,  line  18,  omit  comma  after  "  siliceous." 

Page  89,  line  32,  for  ^*  upper  "  read  "  under." 

Page  94,  line  22,  read  "  sulphate  of  copper." 

Page  94,  line  23,  read  "  sulphate  of  copper." 

Page  94,  line  43,  for  "  hurried  "  read  "  humid." 

Page  100,  line  12,  for  "  slimo  "  read  "  slime." 

Page  101,  line  40,  for  "  meters  "  read  "  per  cent." 

Page  106,  line  32,  for  "  to  "  read  "  from." 

Page  108,  line  4,  insert  " ;  it"  between  " copper  "  and  "  is." 

Page  119,  line  28,  for  "  smelting  "  read  "  melttug." 

Page  122,  line  12,  for  "  millimeter  "  read  "  meter." 

Page  124,  line  44,  for  "  break  "  read  "  treat." 

Page  125,  line  2,  after  "  zinc  "  insert  a  semicolon. 

Page  127,  line  26,  omit  "  natron  "  and  insert "  soda." 
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1/    Pajje  127,  line  28,  after  "  acid  ^  insert  a  semicolon. 
^     Page  128,  line  1,  omit  comma  after  "  Herzog/* 

Page  134,  line  11,  for  *'  1830  "  read  "  1843." 
*"    Page  134,  Hue  15,  for  "  view  "  read  '*  review." 

Page  135,  line  11, omit  "iron  "  and  insert  "copper." 
•     Page  135,  line  28,  for  "  blast "  read  "  roasting." 
^  *  Page  140,  line  24,  for  "  abstract "  read  "  abstrich." 
•-    Page  141,  line  2,  after  "  combine  "  insert  *'  a." 
*^    Page  141,  line  19,  for  '*  cast "  read  "  wrougbt."  , 

K    Page  142,  lino  26,  for  "  estimated  "  read  "  eliminated." 
1^  Page  143,  line  23,  for  "  running,"  read  "  mining." 
k-    Page  144,  line  11,  for  "  pisquisilioate  "  read  "  bisilicate." 
^    Page  145,  line  4,  insert  a  comma  after  '*  by  zinc." 

i^  Page  145, line  17, add,  after  "zinc/'  "cbloride  of  potassinm,  and  chloride  of  magne- 
sium." 

•  Page  147,  line  34,  for  "  Fig.  I,"  read  "  Fig.  III." 
1^  Page  148,  line  41,  for  "  purer  "  read  "  impurer." 
•-  Page  150,  line  19,  for  "  a  "  read  "  attached." 

Page  150,  line  35,  read  "  Binsfeldhammer." 
'-    Page  1.53,  line  14,  for  "45  "read  "4.5." 
*-   Page  153,  line  29,  for  "  20  "  read  "  2." 
^   Page  154,  line  24,  omit  "  to  0  "  after  "  2." 
-    Page  154,  line  29,  for  "  70  "  read  "  7." 
*^    Page  156,  line  14,  for  "  quicksilver  "  read  "  wat-er." 

Page  156,  line  22,  for  " desilverizatiou "  read  "desilverized." 
•^   Page  157,  line  9,  read  "Zsarnowitz  "  and  "  Tajova." 
.-  Page  157,  line  10,  for  "  Barya  "  read  "  Banjla." 

V  Page  158,  lino  13  from  bottom,  insert  brackets  before  and  after  "English." 
^  Page  159,  line  24,  for  "  washing  "  read  "  roasting." 

1/  Page  163,  line  6  from  bottom,  omit  "  tliese"  aud  insert  "  the  following." 

Page  163,  line  35,  for  "  1,822,688  "  read  "  1,822.688." 
•^  Page  164, line  12, for  "crystallizing"  read  "cupellation." 
^  Page  167,  line  25,  insert  "  a  "  aft^jr  "  first." 
*-  Page  167,  lines  25-26,  omit  "0.5  to  1  per  cent,  iron." 
^ Page  169,  line  39,  for  "  sulphate  "  read  "  sulphide." 
%/  Page  172, line  41,  make  the  words  "for  about  an  honr"  follow  the  word  '^decreased." 

Page  173,  line  21,  read  "  Kuschel  zinc." 

V  Page  175,  line  28,  for  "  ton  "  read  "  owt." 

c  Page  177, line  6,  for  "smelting"  road  "meltings." 

«  Page  177,  line  7,  for  "  crucible  funiaces  "  read  "  crucibles." 

.    Page  179,  line  2,  read  "  Zsarnowitz."  » 

•^  Page  180,  lines  38-39,  transfer  comma  ^o  follow  the  word  "  furnace  "  instead  of  after 

"  combined." 

v^  Page  183,  line  28,  for  "  wasting-dump  "  read  "  roasting-dump.^ 

V  Page  184,  line  5,  for  "  gadeus  "  read  "  Wardein." 

•.  Page  213,  line  32,  Siebrugburger  read  "  Siebenbiirger." 
.   Page  215,  line  34,  for  "50 "  read  "0.5." 

Page  216.  line  1,  for  "30  "  read  "0.3." 
►  Page  216,  line  4,  for  "Atridaberg  "  read  "Atvidaburg." 

Page  221,  line  33,  insert  "  west  of  north  "  after  "80°." 

Page  22:5,  line  1,  for  "  lrt70  "  read  "  1872 ;"  for  "7,568,942"  read  " 62,000,000." 

Insert  foot-note  after  table  as  follows: 

"  The  value  of  the  metals  ])roduccd  in  the  United  States  is  estimated ;  the  produc- 
tion of  other  countries  is  from  official  sources.  The  production  of  the  six  mining 
districts  of  Germany  and  of  the  eight  of  Austro-Hungary  is  first  given  separately, 
and  then  the  total  of  all  under  the  headings  of  Germany  and  Austro-Hungary.  The 
production  of  these  districts  should,  therefore,  be  subtracted  from^he  total  production, 
which  would  then  read : 

"Lead,  264,882,398  kilograms;  silver,  266,262  kilograms;  copper,  45,037,102  kilo- 
grams; zinc,  131,204,392  kilograms. 

"With  the  exception  of  the  United  States,  of  which  country  the  production  is  given 
in  dollarSj  the  figures  given  show  approximately  the  total  production  of  lead,  Bilyer, 
copper,  and  zinc  for  the  world." 
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METALLURGY. 


LEAD,  SILVER,  COPPER,  AND   ZINC. 


INTRODUCTION. 

Mining  and  metallurgy  were  justly  placed  in  the  first  group  in  the 
general  classification  of  the  Vienna  Exhibition.  Mining  and  smelting 
are  not  only  a  principal  source  of  raw  material,  but  their  products  have 
taken  in  the  past  an  important  part  in  the  history  of  the  human  race. 
They  are,  and  will  always  be,  an  indispensable  necessity  of  the  never- 
ceasing  demands  of  the  manufacturing  interests,  and  the  further  prog- 
ress of  every  branch  of  industry,  and  therefore  necessary  to  the  advance- 
ment of  civilization  and  the  welfare  of  mankind. 

The  art  of  metallurgy  was  not  as  well  illustrated  by  most  of  the  coun- 
tries represented  as  that  of  mining.  The  larger  exhibit  of  rocks,  vein- 
pieces,  minerals,  ores,  &c.,  was  more  intended  to  show  to  the  world  the 
mineral  resources  and  their  connection  with  the  geological  formation  of 
the  several  countries  than  the  condition  of  the  methods  employed  in  the 
extraction  of  the  various  metals  at  the  present  day. 

Iron,  lead,  and  copper  ores,  and  metallurgical  products,  constituted 
the  principal  metallic  display  of  all  countries  rich  in  minerals. 

Norway,  whose  characteristic  metal  is  copper  made  an  exception  to 
the  above.    Silver  and  zinc  ores  were  but  poorly  represented. 

The  British  display,  in  Group  I,  was  confined  to  iron-ores  and  their 
products,  and  machinery.  There  were  several  collections  of  gold  and 
silver  ore  from  the  English  colonies. 

The  method  of  exhibition,  considered  from  a  professional  point  of  view, 
was  a  very  unfortunate  one.  The  articles  belonging  to  Group  I  were 
scattered  throughout  the  entire  Exhibition,  thus  making  it  exceedingly 
difficult  for  those  seeking  information  on  this  particular  subject  to  gain 
a  thorough  oversight  of  the  products  exhibited. 

The  great  importance  of  this  branch  of  industry  demanded  that  it  should 
have  had  a  separate  and  distinct  building,  (as  the  machinery  building,) 
where  the  products  from  all  countries  could  be  exhibited,  and  a  com- 
prehensive and  connected  view  of  the  whole  offered  to  the  visitor. 

The  quality  of  the  exhibited  products  was  not  to  be  ascertained  by  a 
superficia  examination,  such  as  even  the  International  Jury  was  com- 
I>elled  to  make. 

More  reliable,  though  not  entirely  so,  was  the  information  offered  to 
the  public  by  several  metallurgical  establishments.  This  was  generally 
in  the  form  of  a  survey  of  the  process  practiced  and  the  extent  of  their 

IM 
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operations.  It  should  be  here  remarked,  and  the  remark  is  applicable 
to  all  cases  where  interested  persons  describe  the  methods  of  extrac- 
tion and  the  economical  practical  results  obtained,  whether  orally  or  in 
writing,  that  only  the  most  favorable  cases  and  results  are  given ;  or, 
if  an  unfavorable  result  should  be  mentioned,  it  would  be  explained 
away  as  though  it  were  an  unavoidable  consequence  of  something  con- 
nected with  the  manipulation.  This  is  the  general  rule.  It  is  not  sel- 
dom the  case  that  falsehoods  are  intentionally  and  foolishly  told  concern- 
ing the  process.  The  several  inducements  for  this  are  apparent,  but 
>(U.  policy  is  short-sighted  and  weak.  For  this  reason,  such  articles  emanat- 
ing from  interested  persons  should  be  received  with  due  caution  and 
consideration. 

There  have  been  but  few  important  metallurgical  processes  or  appara- 
tus discovered  since  1863.-  These  consist  in  the  Gerstenhofer,  Hasseu- 
clever  and  Helbig,  Stetefeldt,  and  Kuschel  and  Hinterliuber's  roasting, 
furnaces ;  the  Pilz  round  smelting-furnace,  with  widened  top,  iron  water- 
cooling  boxes,  and  tuyeres,  and  Corduri^'s  method  of  eliminating  zinc, 
and  other  elements,  from  lead. 

The  constant  increase  in  wages,  fuel,  and  material,  without  a  corre- 
sponding increase  in  the  price  of  the  products,  have  made  rapid  and 
great  improvements  necessary  for  successful  metallurgical  operations. 
The  immense  strides  that  have  been  made  in  this  branch  of  industry 
have  been  principally  made  toward  increasing  the  production,  viz,  by 
increasing  the  size  of  the  furnace  and  the  pressure  of  blast ;  but  of 
greatest  importance  is  the  production  of  poorer  waste-products,  as  slag, 
and  by  extracting  small  quantities  of  silver  and  gold,  (improved  zinc- 
desilverization,)  and  the  construction  of  extensive  condensation-cham- 
bers. 

In  preparing  this  report,  the  products,  exhibited  at  the  Vienna  Ex- 
hibition have  first  been  enumerated  and  described,  with  the  methods 
and  the  latest  improvements  employed  in  their  production,  together 
with  statistics  illustrating  the  scale  on  which  the  above  operations  are 
conducted. 

As  the  data  obtained  at  the  Exhibition  was  in  most  cases  deficient 
and  seldom  of  a  uniform  nature,  I  have  had  recourse  to  private  notes, 
made  when  visiting  the  several  metallurgical  works  in  the  years  1869 
to  1874,  and  to  the  communications  of  several  gentlemen,  which  are 
duly  credited  in  the  proper  places.  I  avail  myself  of  this  opportunity 
to  acknowledge  my  thanks  and  indebtedness  for  courtesies  and  valua- 
ble information  to  my  associates  on  the  jury,  the  Austrian  minister  of 
agriculture,  Vilmos  Ocsovszky,  mayor  of  Schemnitz;  W.  Wiesner, 
director  of  mines  in  Schemnitz ;  Yilibald  Kachelmann,  director,  and 
Joseph  Wagner,  assayer,  of  the  government  smelting-works  at  the  same 
place  ;  Franz  Markus,  director  of  the  Neusohl  smelting-works ;  I.  Lan- 
ger,  superintendent  of  the  Pribram  smelting-works ;  Mr.  Kast,  director 
of  the  Clausthal  smelting-works;  E.  J.  Strauch,  director,  and  W. 
Schmidt,  assessor,  at  the  Lauteiithal  smelting-works. 


CHAPTER    I. 


EXHIBITS  OF  THE  UNITED  STATES. 

Exhibits  of  H.  T.  Blow,  Santee  tk  Wagner,  Grand  Pier  Mining  and  Manufact- 
uring Company,  Mineral  City  Mining  and  Smelting  Company,  E.  B.  Ward, 
Joseph  Wharton,  P.  P.  Peck,  Guido  KCstel  ;  Method  of  zinc-desilverization 
practiced  at  the  Germania  Smelting  and  Refining  Works  ;  ExHisrrs  of  the 
SuTRO  Tunnel  Company. 

1.  The  display  of  metallurgical  products  from  the  United  States  was 
very  small;  only  two  lead  and  smelting  works  being  represented.  The 
mineralogical  specimens  exhibited  were  more  numerous,  and  of  great 
interest  to  those  seeking  information  relating  to  our  extensive  mineral 
resources. 

The  following  are  the  ores  and  products  exhibited  : 

2.  By  Mr.  H.  T.  Blow,  of  Saint  Louis,  Mo. :  Calamine  and  galena,  from 
Granby;  both  the  minerals  were  in  remarkably  large  crystals.  The 
cubes  of  galena  were  about  12  centimeters  in  diameter. 

3.  By  Messrs,  Santee  &  Wagner,  Rolla,  Mo. :  Galena,  blende,  and  cop- 
per-pyrites. 

,4.  By  the  "  Grand  Pier  Mining  and  Manufacturing  Company,"  of 
Shawneetown,  111.:  Galena,  blende,  copper-pyrites,  fluor-spar,  and 
baryte. 

5.  By  the  "  Mineral  City  Mining  and  Smelting  Company,''  of  Mineral 
City,  111.:  Fluor-spar,  which  is  used  extensively  in  the  manufacture  of 
glass;  galena  with  about  0.06  per  cent. =17  oz.  9  dwt.  19  gr. silver,  and 
lead-ore  with  68  to  79  per  cent.  lead.  These  mines  have  not  yet  been 
developed,  but  it  is  proposed  to  commence  operations  on  a  large  scale 
as  soon  as  the  necessary  capital  can  be  obtained.  The  ore-deposits  are 
said  to  be  extensive.  • 

6.  By  Mr.E.  B.Ward,  Detroit,  Mich.:  Copper-pyrites  and  native  silver. 

7.  By  Mr.  Joseph  Wharton,  Philadelphia,  Pa. :  Magnetic  pyrites  from 
the  Gap  mine,  in  Lancaster  County,  Pennsylvania,  containing  1  per  cent, 
copper,  1.75  per  cent,  nickel,-  and  0.1  per  cent,  cobalt;  millerite ;  metal- 
lic nickel,  cobalt,  and  chemically-pure  zinc;  alloys  of  nickel-cobalt, 
nickel-copper,  cobalt-copper,  and  various  salts  of  nickel,  cobalt,  copper, 
and  iron.  The  smelting-works  are  in  Lancaster  County,  but  the  nickel 
and  cobalt  refining- works  are  in  Camden,  N.  J.  The  annual  production 
is  95,000  kilograms  nickel,  4,500  kilograms  cobalt,  and  200  to  500  kilo- 
grams copper. 

8.  By  Mr.  P.  P.  Peck,  of  Denver,  Colo.:  A  collection  of  gold  and  sil- 
ver minerals. 

9.  By  Prof.  Guido  Kilstel,  of  San  Francisco,  Cal.:  A  small  but  well- 
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selected  collectioa  of  gold,  silver,  and  lead  minerals  and  ores  from  Utali 
and  California.  All  the  specimens  displayed  were  designed  to  give 
strangers  a  comprehensive  idea  of  the  minerals  occurring  in  the  mining 
localities  in  the  two  sections  of  the  country  where  they  occurred.  Of 
especial  interest  to  the  mineralogists,  were  a  series  of  minerals  illustra- 
ting the  transition  of  tetra^edrite  into  stetefeldite.  These  received  much 
attention  from  professional  men,  their  value  being  increased  by  the 
accompanying  analysis  of  each  specimen. 

Several  beautiful  specimens  of  wolframite  also  deserve  mention.  They 
were  unusually  large  (1.5  to  2.5  centimeters  in  diameter)  crystals  of  mod- 
ified tetragonal  tables.  The  same  gentleman  also  exhibited  silver-lead 
and  silver  from  the  '*  Germania  Smelting  and  Befining  Works."  The 
sample  of  silver-lead  exhibited  assayed  0.5  per  cent.=l;t45.  oz.  16dwt. 
silver,  and  the  silver  from  the  cupellatiou  furnace  wjis  y^^^  fine. 

10.  In  the  year  1872  this  company  erected  smelting-works  with  ap- 
paratus for  the  desilverization  of  argentiferous  lead  by  means  of  zinc 

The  following  description  of  the  zinc-desilverization  process  practiced 
at  the  Germania  Works  (which  is  the  only  available  one)  was  written  by 
Mr.  Bentham  Fabian,  and  appeared  in  the  Salt  Lake  TribuuQ  of  Janu- 
ary 4,  1873 : 

As  the  original  description  abounds  in  impossibilities  and  improba- 
bilities, only  the  manipulations  of  the  process  are  here  reproduced.  The 
battery  consists  of  five  Pattinson  kettles,  two  of  which  have  a  capacity 
of  about  25,000  kilograms ;  the  other  three  are  smaller.  The  kettles 
are  arranged  in  the  shape  of  the  letter  Y  ;  the  broad  part  being  formed 
by  the  two  large  or  fusing  kettles,  and  the  smallest  kettle  forming  the 
apex. 

The  zinc  used  is  of  two  qualities,  viz,  commercial  or  good  zinc,  which 
is  brought  from  Illinois,  at  a  cost  of  9  cents  per  pound ;  and  dross  zinc 
(refuse  from  galvanic  batteries,  which  contains  about  30  per  cent,  of 
iron)  from  New  York,  at  a  cost  of  5  cents  per  pound.  When  the  silver- 
lead  is  tolerably  free  from  impurities,  and  containsfrom  0.5  toO.7  per  cent 
=145  oz.  16  dwt.  to  204  oz.  2  dwt.  silver,  about 2.25  to 2.75  percent,  zinc 
or  3  to  3.5  per  cent,  zinc-dross  is  consumed  in  the  desilverization.  The 
manipulations  are  as  follows: 

The  silver-lead  is  fused  in  one  of  the  large  kettles,*  and  the  first 
addition  of  zinc  made,  which  is  .3^  to  1  per  cent,  of  zinc,  or  0.75  to  1.5 
of  zinc-dross.  This  is  well  stirred  for  half  an  hour,  and  then  allowed 
to  cool,  (the  fire  being  withdrawn,)  and  remain  undisturbed  for  three 
hours,  when  the  zinc-scum  is  removed  and  ladled  into  the  adjoining 
smaller  kettle.  The  fire  is  then  raised,  and  a  second  addition  of  zinc  is 
made ;  this  is  0.5  to  0.75  per  cent,  of  zinc,  or  1.0  to  1.5  per  cent,  of  zinc- 
dross,  which  is  stirred,  and  the  metallic  liquid  is  allowed  to  cool. 

*  The  author  of  this  article  has.evidently  omitted  to  state  that  the  dbzug,  oom posed 
of  a  portion  of  the  copper,  iroa,  &c.,  contained  in  the  silver-lead,  is  remoyed  before 
the  zinc  is  added. 
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The  zinc-scam  which  is  in  the  second  kettle  is  now  melted,  stirred, 
and  allowed  to  cool ;  the  skimmings,  or  zinc-dast,  are  transferred  to  the 
third  or  smallest  kettle  of  the  series,  and  the  liquated*  lead  is  ladled 
back  into  No.  1,  or  the  fusing-kettle ;  a  similar  operation  is  repeated  in 
the  third  kettle,  the  scum  being  set  aside  for  treatment  in  a  shaft-fur- 
nace, and  the  liquated  metal  ladled  back  into  No.  2.  The  remainder 
of  the  zinc  having  been  added  to  the  metal  in  the  first  or  fusing-kettle, 
and  the  first  process  repeated,  the  third  zinc-scum  is  set  aside  for 
farther  treatment.  The  silverized  lead  is  tapped  from  the  fusing-kettle 
by  means  of  an  iron  pipe  attached  to  the  bottom  of  the  same,  and  con- 
necting by  means  of  an  iron  trough  with  a  reverberatory  furnace.  It 
is  there  subjected  to  a  bright-red  heat  for  several  hours,  whereby  the 
impurities  are  eliminated  by  oxidation. 

There  are  two  reflning-furnaces,  one  for  each  fusing-kettle.  The 
hearth  is  15  feet  6  inches  long  and  9  feet  4  inches  wide,  with  a  sufficient 
depth  to  contain  the  contents  of  the  fusing-kettle.  The  refined  lead  is 
tapped  from  the  furnace  into  a  market  kettle,  and  then  cast  iu  molds. 
Each  bar  of  lead  weighs  about  140  pounds. 

The  whole  operation,  from  the  charging  of  the  silver-lead  in  the 
fusing-kettle  to  the  tapping  of  the  refined  lead,  occupies  twenty-four 
hours ;  the  capacity  of  the  works  was,  in  January,  1873,  about  40  tons 
per  day.  The  refined  lead  is  said  to  be  free  from  all  impurities,  and  to 
contain  only  0.0003  per  cent.=l  dwt.  17.95  gr.(l)  s^Wtv 

The  rich  alloy  or  liquated  zinc-scum  from  the  first  and  second  addi- 
tions of  zinc  are  smelted  in  a  shaft-furnace  according  to  the  FlacHs  pro- 
cess. The  back  wall  of  the  furnace  is  inclined  toward  the  front,  and  at 
a  short  distance  above  the  tuyeres  the. front  wall  recedes  more  abruptly 
from  the  back.  The  furnace  is  2  feet  7  inches  from  breast  to  back,  and 
2  feet  6  inches  wide.  It  has  three  tuyeres,  with  a  diameter  of  1^  inches 
and  a  pressure  of  blast  equal  to  about  2i  iuches  water-column.  Coke 
serves  as  fuel ;  it  is  obtained  from  Pittsburgh,  and  costs,  delivered  at 
the  works,  about  $28  per  ton.  The  hematite  used  as  a  flux  is  brought 
from  Eawlins,  and  costs  about  $15  per  ton.  It  contains  about  62  per 
cent,  of  iron,  sesquioxide,  and  15  to  20  per  cent,  of  silicic  acid.  The  lead, 
slag  is  to  be  had  in  the  neigh borhooil.  The  charge  is,  rich  alloy,  250 
pounds ;  hematite,  180  pounds ;  coke,  55  pounds,  and  a  small  quantity 
of  lead  slag.  It  will  have  been  observed  that  the  first  and  second  zinc- 
scum  are  treated  together  according  to  one  process,  and  the  third  zinc- 
scum  undergoes  another  treatment.  If  this  is  not  an  incorrect  state- 
ment, the  reason  for  so  singular  a  method  should  have  been  explained. 
As  zinc  has  a  greater  affinity  for  copper  and  gold  than  for  silver,  (and 
none  for  antimony,)  the  two  first  metals,  when  contained  in  the  silver- 
lead,  (and  they  are  contained  in  the  silver-lead  treated  at  the  Germauia 
Works,)  are  concentrated  in  the  first  zinc-scum.  This  is  at  other  works 
set  aside  and  treated  by  itself.  The  different  constitution  of  the  alloy 
requires  a  separate  process.    The  second  and  third  zinc-scums  are  of  a 
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uniform  composition  ;  the  third  merely  containing  a  smaller  amount  of 
silver  than  the  second.  Therefore,  I  think  it  highly  probable  that  the 
first  zinc-scum  is  treated  in  the  liquating  ("  roasting")  furnace,  and  the 
second  and  third  are  liquated  together  in  the  smaller  kettles.  The 
charge  given  above  is  most  likely  that  used  in  smelting  tbe  enriched 
scum  from  the  second  and  third  additions  of  zinc,  and  which  is  non- 
cupriferous.  In  smelting,  the  enriched  scum  from  the  first  addition  of 
zinc.unroasted  matte,  or  some  other  substance  rich  in  sulphur,  is  proba- 
bly added  to  the  charge,  which  would  be  the  means  of  concentrating  the 
copper  in  the  matte.  The  matte  would  also  contain  small  quantities  of 
lead  and  silver,  but  these  could  be  extracted  with  a  small  loss  by  roast- 
ing the  matte  and  adding  it  to  the  ore  charge,  or  desilverizing  it  by 
smelting  with  lead  fluxes  which  are  free  from  silv^er.  Another  error 
here  reproduced  is,  that  the  pressure  of  blast  is  equal  to  24  iuches=:0.62 
meter  water-column.  The  maximum  pressure  of  blast  is  stated  by 
Kerl  to  be  0.157  meter  water-column.  The  pressure  at  the  Mechernich 
Works  is  0.131  meter;  at  Ems,  0.13  meter  water-column.  It  is  true 
that  when  the  pressure  is  too  small  the  amount  of  zinc  volatilized  is  de- 
creased, but  when  the  pressure  is  too  great,  lead  (and  silver)  is  voIatiU 
ized  in  large  quantities,  and  the  formation  of  salamanders,  containing 
silver  and  lead,  is  increased. 

11.  By  the  ISutro  Tunnel  Company,  of  Sutro,  Nevada:  Topographical 
charts  and  a  model  of  the  celebrated  Gomstock  lode.  It  was  of  cast  iron, 
and  in  two  sections,  so  made  as  to  representthe  Sutro  Tunnel.  Informa- 
tion concerning  the  latter  was  circulated  by  means  of  pamphlets.  As 
the  history  of  and  progress  made  by  this  gigantic  undertaking  has  long 
since  attracted  the  attention  of  the  engineering  world,  this  model  was 
regarded  with  great  interest  by  a  multitude  of  scientific  visitors  who 
saw  in  it  professional  enterprise  which  bears  the  impression  of  Ameri- 
can energy. 


CHAPTER    II. 


SPANISH  EXHIBITS. 

From  Granada,  Almkria,  Henlox,  Santander,  the  Madrid  Mining  Academy,  and 
THE  Almaden  Mines  ;  Age  and  Progress  of  Mining  and  Metallurgy  :  Growth 
OP  Production. 

12.  The  metallurgical  exhibit  of  Spain  was  small,  and  it  was  only  in 
exceptional  cases  that  the  products  displayed  were  accompanied  by  the 
name  of  the  locality  whence  they  were.  This  imperfect  representation 
of  Spain's  immense  metallic  treasures  is,  probably  with  justice,  to  be 
ascribed  to  the  very  unsettled  condition  of  the  country. 

13.  Granada  and  Almerla  were  represented  by  specimens  of  black 
and  refined  copper.    Hueloa,  by  pure  refined  copper. 

14.  From  Santander  there  were  specimens  of  argentiferous  galena, 
calamine,  blende,  copper-ores,  copper  and  silver  lead. 

15.  The  Madrid  Mining  Academy  exhibited  a  mineralogical  collection, 
among  which  were  specimens  of  lead,  silver,  and  quicksilver  ores. 

16.  A  very  interesting  display  of  cinnabar,  native  mercury,  slag  from 
quicksilver-ores,  and  mercury,  from  the  celebrated  mines  of  Almadeu, 
was  made  by  D^villa,  Madrid. 

17.  A  great  amount  of  galena  and  argentiferous  lead  (chiefly  extracted 
by  English  companies)  is  sent  to  foreign  countries,  principally  to 
England. 

The  extraction  of  the  metals  in  Spain  was  commenced  in  ancient  times. 
The  Phoenicians,  GarthaginianSyand  Eomans  imported  large  quanti- 
ties of  silver  from  Spain  ;  and  itf^country  for  a  long  time  was  consid- 
ered the  richest  country  in  the  world  in  silver. 

Strabo,  who  gives  us  the  first  accounts  of  the  mining  and  the  extrac- 
tion of  silver  from  its  ores,  describes  the  largest  and  oldest  works  in 
Spain,  situated  at  Kew  Garthage. 

The  extraction  of  copper  from  its  ores  has  also  been  carried  on  for  a 
long  time  in  Spain.  The  production  of  copper  has  never  been  great, 
but  the  product  possessed  an  excellent  reputation  with  the  Eomans. 

18.  A  large  increase  in  the  production  of  lead  took  place  in  the 
latter  part  of  the  last  century.  Karsten  was  of  the  opinion  that 
Spain  probably  possessed  greater  riches  in  lead  than  any  other  country 
in  the  world,  and  was  also  of  the  opinion  that  if  the  Spanish  mines 
were  worked  with  the  same  energy  as  the  British,  she  would  easily 
excel  the  extraordinarily  large  production  of  England.  This  latter  proved 
in  time  to  be  correct,  for  the  same  author  computed  the  production  of  lead 
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in  Spain  in  the  year  1828,  or  thereabouts,  at  25,600,000  kilograms,  and 
this  was  merely  the  quantity  produced  in  a  few  districts.  He  remarked, 
at  the  same  time,  that  full  statistics  were  wanting,  and  this  produc- 
tion took  place  without  any  increase  of  labor  or  energy;  at  the  same 
time  in  England  (1828)  46,150,000  kilograms  were  produced.  In  the 
year  1868,  forty  years  later,  during  which  time  England  had  made 
gigantic  strides,  the  production  amounted  to  72,200,600  kilograms.  In 
the  year  1868,  at  which  time  the  art  of  mining  and  metallurgy  in  Spain 
was  still  at  a  low  point,  the  production  of  lead  increased  to  72,800,000 
kilograms,  and  the  difference  becomes  much  greater  when  it  is  consid- 
ered that  not  a  small  proportion  of  the  lead  produced  in  England  is 
extracted  from  foreign,  and  even  from  Spanish  ores. 


CHAPTER    III. 


FRENCH  EXHIBITS. 

Exhibits  of  M.  Laveissi^re  et  Fit^,  Manhks  PI:re  et  Fils,  Henry  Merle  &. 
Co.,  from  Algiers  ;  Progress  and  condition  of  Metal  Industry  ;  Corduri^'s 
method  of  Lead  Refining  ;  Pa  yen's  Method  ;  Rozan's  Improvements  ;  Manip> 

ULATIONS  OF  RoZAN'S  METHOD;  OBJECTIONS  TO  RoZAN'S  METHOD. 
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19.  The  exhibit  of  metallurgical  prodacts  from  France  was  very  small* 
An  elaborate  display  was  made  by  M.  Laveissi^re  et  Fils,  Paris,  of 

copper  ingots,  kettles,  also  copper  %nd  brass  pipes  of  various  sizes.  The 
mannfa>ctured  articles  were  tastefully  and  artistically  arranged  in  the 
dome  of  the  Exposition,  so  as  to  represent  a  feudal  castle.  The  walls 
and  pillars  were  formed  by  copper  and  brass  pipes  alternating;  on  the 
parapet,  pipes  were  made  to  represent  cannons ;  inverted  copper  ket- 
tles served  as  arches  for  the  portals. 

20.  Manhes  P^re  et  Fils,  of  Lyons,  exhibited  a  large  number  of 
wrought-copper  kettles  and  rolled  sheet-copper. 

21-  Henry  Merle  et  Oie.,  of  Alais,  exhibited  several  bricks  of  fine  silver* 

22.  Algiers  was  represented  by  several  small  exhibits  of  argentiferous 
galena,  silver,  and  copper  ores. 

23.  The  metal  industry  in  France  has  of  late  assumed  immense  pro- 
portions. This  is  partly  to.be  attributed  to  the  increasing  commercial 
facilities  of  that  country  and  the  inventive  spirit  of  the  French.  France's 
metallic  mineral — L  «.,  copper,  lead,  silver,  and  zinc — resources  are  far 
from  being  extensive,  yet  owing  to  the  enterprise  of  her  citizens  in  this 
great  branch  of  industry,  both  at  home  and  abroad,  it  has  advanced, 
until  France  at  present  stands  at  the  head  of  the  copper-producing 
countries,  and  fourth  in  lead  and  silver.  Copper-ores  are  chiefly  im- 
ported from  Chili,  lead-ores  and  silver-lead  from  Sardinia  and  Greece. 

24.  The  lead  metallurgist  is  indebted  to  the  French  for  valuable  im- 
provements, the  most  important  of  which  is,  perhaps,  the  method  of 
refining  lead  by  means  of  steam,  (Cordurie's  method,)  which,  now  that 
the  advantages  of  zinc-desilverization  are  in  Europe  and  America  so 
universally  acknowledged,  has  become  of  especial  interest. 

25.  In  connection  with  this  subject,  it  is  to  be  regretted  the  "  new  im- 
provement in  refining  lead  and  products  therefrom,"  by  Thomas  Payen, 
E.  &  H.  Roux,  of  Marseilles,  France,  which  appeared  in  the  catalogue, 
(No.  31,)  and  which  was  awarded  a  prize  by  the  International  Jury, 
(Group  I,)  was,  as  the  writer  ascertained  by  a  careful  and  thorough 
inquiry,  not  placed  on  exhibition.    This  "improvement"  is  to  be  intro- 
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duced  at  the  lead  smelting- works  at  Marseilles,  and  it  is  intended  by 
the  use  of  soda  and  a  small  proportion  of  saltpeter  to  remove  antimony, 
but  especially  arsenic,  from  the  silver-lead  in  the  reverberatory  refining- 
fnrnace.  The  process  is  to  precede  the  crystallization  desilverization 
process. 

26.  An  important  improvement  in  pattinsonizing  and  refining  silver- 
lead  by  means  of  steam  has  been  made  by  M.  Bozan,  and  introduced  in 
Marseilles.  This  will  be  of  interest  not  only  to  those  metallurgists 
who  practice  the  crystallization  process,  but  also  to  those  who  may 
intend  erecting  separating-works.  The  description  is  from  the  Ann.  de 
Mines,  Sept.  s^r.,  tom.  iii,  livr.  2, 1873,  p.  160. 

The  first  results  of  thus  applying  steam  to  desilverization  were  made 
public  in  1871,  but  the  following  are  the  manipulations  attending  the 
working  of  silver-lead  containing  0.123  per  cent.=35  oz.  16  dwt. 
silver,  as  carried  out  in  1872,  together  with  t)ie  exposition  of  the  prac- 
ticability of  the  same.  The  principle  of  this  process  is,  that  by  conduct- 
ing  steam  into  the  molten  metal  contained  in  a  Pattinson  pot,  the  thick, 
heavy  liquid  is  thrown  into  a  violent  commotion,  thus  dispensing  with 
manual  or  mechanical  stirring.  According  to  M.  Kozan,  practice  has 
proven  that  this  violently  continued  action  is  very  favorable  to  the 
separation  of  silver  and  lead  in  poor  crystals  and  enriched  liquid  lead ; 
only  very  hard  lead  requires  a  previous  softening.  The  action  of  the 
steam  is  principally  mechanical,  but  the  lead  undergoes  a  partial  refining, 
which  is  a  consequence  of  different  particles  of  the  hot  lead  constantlj 
coming  in  contact  with  the  air.  As  a  chemicai' reaction  is  not  believed 
to  occur,  the  purity  of  the  commercial  lead  is  partly  to  be  ascribed  to 
the  various  partial  refinings  which  the  silver-lead  undergoes  by  being 
repeatedly  remelted  in  a  red  heat.  M.  Bozan  has,  however,  observed 
that  the  steam  takes  an  active  part ;  that  the  oxides  which  are  formed 
at  the  beginning  of  the  crystallization  are  yellow  and  dirty;  but  as  the 
operation  approaches  the  end,  they  grow  dark  and  contain  considerable 
copper;  a  circumstance  that  by  the  most  lively  stirring  does  not  occur. 
At  the  end  of  the  crystallization,  while  the  steam  is  bubbling  in  the 
liquid  lead,  in  which  the  silver,  copper,  antimony,  and  arsenic  have 
been  concentrated,  the  poor  lead  is  freed  from  the  copper.  The  action 
of  antimony  is  not  similar,  but  it  is  gradually  oxidized  by  the  action  of 
the  heat  and  air  in  the  successive  re-smeltings.  It  has  also  been 
observed  that  soft  lead,  under  equal  circumstances,  produces  a  greater 
quantity  of  oxide  than  hard  lead,  especially  antimonal  lead,  (in  Tarno- 
witz,)  which  proves  that  antimony  oxidizes  first,  and  then  prevents  the 
lead  from  oxidizing.  The  action  of  the  steam  is  undoubtedly  decisive  and 
strong.  It  is  said  that  the  commercial  lead  falling  from  this  process  is  per- 
fectly soft,  and  contains  from  0.0012  to  0.002  per  cent. =11  dwt.  15  gr.,  to  6 
dwt.  22  gr.  silver.  The  enriched  cupellation-lead  contains,  according  to  the 
nature  and  contents  of  the  original  silver-lead,  from  1.6  to  2.0  per  cent., =465 
oz.  18  dwt.,  to  582  oz.  silver,,  while  the  steam-process  universally  produces 
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lead  enriched  to  the  above  extent,  and  thus,  as  we  shall  presently  see, 
materially  reduces  the  cost  of  desilverization ;  it  is  only  accomplished 
after  a  great  number  of  operations  with  the  usually  conducted  Pattinson 
proc/ess.  This  process  possesses  not  only  the  advantage  of  not  requiring 
a  special  refining  of  lead,  which  is  not  very  hard,  but  is  said  to  be  accom- 
panied by  a  smaller  oxidization  of  lead,  and  consequently  the  loss  and 
expenses  of  resilverization  are  diminished.  There  is  also  a  great  saving 
of  time  and  labor.  The  lead  is  crystallized  in  much  shorter  time  than  is 
the  case  by  pattinsonizing,  viz,  13  to  16  tons,  while  with  the  latter  only 
9  to  10  tons  are  treated  in  the  same  time.  A  serious  disadvantage  in 
this  method  is  the  concentration  of  antimony-  and  some  copper  in  the 
rich  lead,  which  causes  such  objectionable  features,  by  cnpellation  and 
undesirable  processes,  necessary  to  a  subsequent  treatment  of  the  prod- 
ucts therefrom. 

27.  The  manipulations  are  as  follows :   The  battery  consists  of  two 
Pattinson  kettles;  one  kettle  is  placed  so  that  its  bottom  is  on  a  level 
with  the  top  of  the  second.    The  upper,  or  fusing-kettle,  is  intended  for 
a  charge  of  9,000  to  10,000  kilograms  silver-lead  5  the  lower,  or  crystal- 
lizing-kettle,  will  contain  15,000  to  16,000  kilograms.    After  the  silver- 
lead  has  been  fused  and  the  dross  removed,  it  is  tapped  into  the  lower 
kettle  by  means  of  an  iron  pipe  attached  to  the  bottom  of  the  upper. 
At  the  same  time  that  the  silver-lead  is  tapped  from  the  upper  a  small 
amount  of  steam  is  conducted  into  the  lower  kettle,  in  order  that  the 
crystals  from  the  former  operation  may  be  easily  mixed  with  the  silver- 
lead.    A  small  stream  of  water  is  now  thrown  on  the  surface  of  the  me- 
tallic bath,  which  hastens  the  cooling  and  assists  the  crystallization. 
Steam  is  conducted  into  the  metallic  bath,  under  a  pressure  of  three 
atmospheres,  through  an  iron  pipe,  which  terminates  at  the  bottom  of 
the  kettle.    The  steam  upon  entering  strikes  against  an  iron  plate,  and 
is  diffused  through  the  bath.    The  lead  is  prevented  from  entering  the 
steam-pipe  by  means  of  a  hinge- valve.  The  kettle  is  covered  with  a  hood, 
which  is  connected  with  the  condensation-chambers.    The  oxides  which 
form  are  first  removed  and  the  operation  then  commences.    The  hood  is 
raised  every  five  or  ten  minutes,  and  the  lead  adhering  to  it  is  scraped 
off.    The  operation  is  finished  when  two-thirds  of  the  lead  is  crystallized. 
The  mother-liquid  is  then  tapped  off  by  means  of  iron  pipes  attached 
to  the  bottom  of  the  kettles.    The  crystals  are  prevented  from  escaping 
with  the  mother-liquid  by  means  of  an  iron  sieve,  which  is  fastened 
over  the  pipe.    The  lead  is  run  into  large  cakes  of  2,500  kilograms 
each.    These  are  arranged  according  to  their  silver  contents  around 
the  battery;  they  are  added  to  succeeding  operations.    The  lead-cakes 
having  a  larger  percentage  of  silver  than  the  original  silver-lead  are 
set  aside  until  a  sufficiently  large  quantity  has  accumulated  for  a  new 
series  of  operations,  whose  starting-point  is  based  on  the  silver  con- 
tained in  these  cakes.    After  the  enriched  lead  has  been  tapped  off,  a 
new  quantity  of  lead,  which  has  in  the  mean  time  been  melted  in  the 
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upper  kettle,  is  added  to  the  crystals  in  the  lower.  The  operations  are 
repeated  until  commercial  lead,  or  complementary  lead,  in  the  form  of 
crystals,  is  obtained.  When  the  low^er  kettle  is  heated  the  crystals  are 
fused  and  tapped  off.  By  '^  an  operation^'  all  the  manipulations  are  under- 
stood which  occur  from  the  tapping  of  the  lead  from  the  upper  kettle 
to  the  casting  of  the  enriched  lead  into  cakes.  One  operation  lasts  one 
and  a  half  to  two  hours.  The  casting  of  commercial  and  complementary 
lead  occupies  the  time  of  two  operations,  as  the  time  consumed  in  melt- 
ing the  crystals  is  twice  as  great  as  that  employed  in  crys  tallizing  the 
silver-lead.  The  number  of  operations  represented  by  the  castiug  of 
the  commercial  and  complementary  lead  is,  for  silver-lead  assaying  0.123 
per  cent. =35  oz.  16  dwt.  1  gr.  silver,  25  to  30  per  cent,  of  the  whole 
number  of  operations.  From  sixteen  to  seventeen  operations  are  made 
in  twenty-four  hours.  This  is  dependent  upon  the  temperature  used. 
The  number  of  operations  necessary  for  the  treatment  of  a  certain 
amount  of  silver-lead  varies  with  the  silver  contents  of  the  same.  One 
battery,  which  treats  silver-lead  with  0.123  percent,  of  silver,  produces 
6,000  to  7,000  kilograms  commercial  lead  in  twenty-four  hours.  After 
the  latter  has  been  cast,  the  kettle  is  refilled  with  silver-lead  of  the  orig- 
inal percentage  of  silver  and  the  operations  are  continued  until  all  of  the 
complementary  lead  has  been  treated  with  0.003  per  cent.=17  dwt.  11.5 
gr.  silver.  The  crystals  are  then  fused  and  cast  into  cakes  to  be  used  as 
complementary  lead  in  a  new  series  of  operations.  Several  series  of 
operations  are  thus  repeated,  commencing  with  the  original  silver-lead, 
or  lead  with  a  greater  percentage  of  silver,  and  producing  enriched 
silver-lead  and  commercial  lead. 

28.  A  comparison  between  this  process  and  the  mechanical  pattinson- 
izing,  as  formerly  practiced  at  the  works  at  St.  Louis  Les  Marseille, 
shows  that  as  pattinsonizing  costs  46.54  francs,  and  this  process  25.32 
francs,  this  process  effects  a  saving  of  20.72  francs  per  1,000  kilograms 
in  silver-lead.  The  lead-loss  is  2.1  per  cent,  in  pattinsonizing,  and  3  per 
cent,  in  the  steam  process.  The  silver-loss  in  each  is  1.5  per  cent,  of  the 
amount  of  silver  paid  for  according  to  the  assay.  The  saving  is  owing 
to  a  less  number  of  workmen  being  employed,  by  avoiding  a  prelimi- 
nary refining,  the  decreased  amount  of  products  which  have  to  be 
reduced,  and,  as  the  concentration  is  carried  farther,  (1.7  per  cent.  = 
495  oz.  2  dwt.  silver,  instead  of  as  in  pattinsonizing,  1.15  per  cent.  = 
331  oz.  16  dwt.  14  gr.  silver,)  so  is  the  decreased  cost  of  cnpellatiou. 

29.  The  objections  to  this  process  are  the  small  capacity,  large  amount 
of  intermediate  products,  loss  of  silver  (1.5  per  cent.  =136  8iii  10  dirt ) 
and  lead,  and  its  complicated  nature.  Although  the  communication 
and  calculation  made  by  the  inventor  showa  decided  improvement  on  the 
mechanical  Pattiuson  process,  the  method  described  will  scarcely  be 
introduced  in  works  where  the  virtues  of  the  improved  process  of  zinc 
desilverization  are  known,  and  the  silver-lead  is  of  a  quality  to  permit 
it  to  be  treated  by  the  latter  process. 
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Condition  of  Metal  Industry;  Exhibits  op  "Compagnia  del  Bottino/'  Do- 
MiNGiKus  Ing  Santblli,  Simonis  Cornelissen  '&  Co. ;  History,  Growth,  and 
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Mining  and  Shipping  Ores. 

30.  The  metal  industry  of  Italy  has  been  so  greatly  depressed  from 
a  lack  of  fuel  suitable  for  smelting  purposes,  that  it  is  necessary  to  ex- 
port the  richest  ores  for  redaction ;  the  poorer  ones,  that  will  scarcely 
pay  the  transportation  expenses,  are  worked  in  the  vicinity  of  the 
mines  with  a  small  profit.  The  copper-ores  of  Tuscany  and  Liguria  are 
of  the  first  class,  carrying  12  to  25  per  cent,  of  copper,  and  are  ex- 
ported to  England,  while  those  occurring  at  St.  Marcel  in  the  valley  of 
the  Aosta,  and  at  Agordo  in  Venice,  belong  to  the  second  class,  con- 
taining aboat  2  per  cent,  of  copper. 

The  production  of  copper  in  Italy  is  300,000  kilograms.  The  con- 
sumption is  estimated  at  over  1,200,000  kilograms.  This  large  difference 
is  obtained  from  foreign  countries.  * 

31.  There  were  exhibited  from  the  works  of  Agordo,  "  Stabnlimento 
Mantanistico  Governativo  di  Agordo,  Vail  Imperina  Belluno,'^  samples 
of  refined  copper,  which  is  renowned  for  its  superior  quality,  and  is 
used  in  the  manufacture  of  articles  requiring  very  pure  copper.  In 
addition  to  this,  there  were  iron^  vitriol,  and  native  silver. 

32.  The  ''Compagnia  del  Bottino"  of  Stazzema  Lucca,  Tuscany,  ex- 
hibited silver-lead,  litharge,  and  refined  silver.  Lead-matte,  and  also 
galena  containing  27  per  cent,  of  lead,  are  roasted  in  Schaft  furnaces.  It 
is  charged  in  alternate  layers  of  wood  and  charcoal  and  ore.  The 
roasting  period  ts  fifteen  to  twenty  days.  The  lead-matte  is  lixiviated 
in  the  furnace.  The  solution  containing  the  copper  runs  out  of  the 
furnace  into  the  precipitation-vessel.  The  sulphurous-acid  fumes  are 
allowed  to  escape  into  the  atmosphere.  They  are  believed  to  be  a  pre- 
ventive against  cholera. 

33.  Domingikus  Ing  Santelli,  of  Vinadio  Ouneo,  exhibited  specimens 
of  artificially  produced  argentiferous  galena. 

34.  Simonis  Cornelissen  &  Co.  exhibited  artificially  produced  iron 
and  copper  pyrites. 

35.  Sardinia. — The  greater  proportion  of  the  argentiferous-lead  and 
zinc  ores,  considered  as  the  production  of  Italy,  are  obtained  from 
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Sardiuia.  The  lead  and  silver  raiues  on  this  island*  are  %  very  ancient. 
They  are  said  to  have  first  been  worked  principally  for  silver  by  the 
Phoenicians.  They  were  followed  by  the  Carthaginians  and  Romans. 
Among  the  many  mining  and  metallnrgical  relics  discovered  in  and  near 
the  mines  is  a  pig  of  lead  found  near  the  Porto  di  S.  Nicolo  which  weighed 
34  kilograms  and  bore  Hadrian's  name.  ^ 

After  being  successively  under  the  reign  of  the  Vandals,  Goths, 
and  the  Byzantine  empire,  the  island  became  free,  and  a  national  gov- 
ernment was  formed.  T^hishad  not  been  long  in  existence  before  it  was 
overthrown  by  the  AiSbans,  who  in  turn  were  driven  from  the  island 
by  the  Genoese  and  Pisians.  In  the  thirteenth  century,  after  the  island 
came  under  the  Pisian  rule,  the  first  book  on  mining-law  was  written. 
It  was  in  this  period  that  the  large  lead-slag  dumps  near  Villa-Massar- 
gia,  Domus  Novas,  and  Flumini  Maggiore  were  formed.  The  shafts 
were  about  this  time  sunk  through  the  hard  rock  by  means  of  fire  to 
depths  of  80  to  100  and  even  200  meters.  In  the  year  1323  the  island 
fell  under  the  Spanish  crown.  The  mineral  industry  thereupon  Bank 
and  became  almost  inactive.  This  was  partly  caused  by  the  negligence 
of  the  Spanish  government,  and  partly  by  the  discovery  of  America 
with  its  large  treasures  of  gold  and  silver.  The  House  of  Savoy  ob- 
tained possession  of  Sardinia  in  1720,  but  it  was  in  1850  that  the  mines 
were  successfully  worked  with  renewed  vigor,  and  since  that  time  the 
production  of  lead  and  silver  has  been  steadily  increasing.  Since  1865 
cSHamine  has  been  mined  to  a  large  extent.  The  richer  lead-ores  are 
shipped  to  Pertusola,  in  the  Gulf  of  Spezia,  France,  Belgium,  and  Eng- 
land ;  the  silver-lead  to  Genoa  and  France,  and  the  calcined  calamine 
to  England,  Belgium,  and  ]Ku8sia^_.^    ?**' 

36.  The  Society  Anonima  de  Monte-Santo  of  Cagliaza,  in  Sardinia,  ex- 
hibited lead  which  was  designated  as  soft  lead,  but  could  hardly  be 
scratched  with  the  fingernail. 

37.  There  wore  several  small  collections  of  minerals  exhibited  of  dif- 
ferent mining  companies ;  these  were  composed  of  a  few  specimens  of 
argentiferous  galena,  or  calamine,  or  both. 

38.  Italian  smelting  process.— There  have  lately  been  several 
works  erected  with  the  intention  of  reducing  oxidized  ores,  poor  ores, 
and  the  old  slags. 

The  reduction  works  of  Masua  and  Fontanamore  are,  of  the  six  on 
this  island,  the  most  important.  The  former  was  built  in  1862,  and 
treats  oxidized  ores  carrying  32  per  cent,  lead  and  10  to  12  per  cent,  zinc 
The  latter  smelts  poor  ores  from  Nebida.  These  ores  are  smelted  in 
round  shaft-furnaces,  whose  smelting  zone  is  of  cast-iron  wat^r-cooling 
boxes.  The  charge  is  50  per  cent,  slag  and  14  per  cent.  English  coke. 
The  blast  is  produced  by  a  steam-fan.    The  campaign  lasts  from  Decem- 

*  Free  use  is  here  made  of  the  report  ^'Sitlle  Condizioni  delV  industria  Mineraria  ntll 
isola  di  Sardegna/^  submitted  to  the  Italian  chambers  of  deputies  in  1871,  by  M.  Qatn- 
tino  Sella. 
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ber  until  July.  The  workmen,  who  are  from  Piedmont,  cannot,  on  account 
of  fever,  remain  on  the  island  during  the  other  five  months,  or  the  cam- 
paign might  be  still  longer.  Two  furnaces  smelt  in  twenty-four  hours 
18,000  kilograms  of  ore,  producing  in  three  tappings  375  kilograms  lead, 
carrying  0.9  per  cent,  to  1.1  per  cent.=262  to  320  oz.  8  dwt.  silver.  The 
zinc-oxide  fumes  from  the  condensation  chambers,  containing  33  per 
cent,  lead,  are  agglomerated  in  a  reverberatory  furnace  and  then  smelted 
in  a  shaft-furnace,  producing  lead  carrying  0.35  to  0.55  per  cent.=102 
to  160  oz.  8  dwt.  silver.  The  i'ilver-lead  is  sent  to  Genoa  and  France 
for  desilverization.  The  old  slags,  containing  10  to  14  per  cent,  lead,  are 
smelted  together  with  poor  ores  at  the  Dumas  Novas,  Flumini,  and 
Villacidro  works.  The  resulting  silver-lead  assays  (LOJS  to  O^U  per  cent. 
=174  to  320  oz.  8  dwt.  silver. 

Ore  and  slag  have  been  smelted  siiice  1858  in  shaft  furnaces  with  coke 
or  charcoal.  In  Masua,  poor  ores  from  Montefroui  were  added  to  the 
lead-slag,  and  the  mass  first  agglomerated  in  a  reverberatory  furnace, 
and  then  smelted  in  shaft-furnaces.  The  lead-slags  have  been  all  smelt- 
ed, and,  on  account  of  contracts  having  been  made  with  metallurgical 
companies  in  Marseilles,  England,  Belgium,  and  Prussia,  for  large  quan- 
tities of  the  rich  ore,  for  a  long  period,  the  Sardinia  smelting-works  will 
have  to  confine  their  operations  to  poor  ores ;  were  they  not  thus  bound 
by  their  contracts,  they  might  obtain  a  sufficient  supply  of  coal  at  rea- 
sonable rates,  brought  to  Sardinia  as  ballast  by  the  vessels  which  carry 
a  portion  of  the  ores  to  England  and  Belgium,  as  the  works  at  Pertu- 
sola,  in  the  gulf  of  Spezia,  have  obtained  their  fuel  for  several  years. 

39.  Sardinia  produced  in  1868-'69—    , 

Kilograms. 

Lead-ore  exported,  14,706,000  kilograms,  valued  at  7,515,- 
699  lira*,  contains  70  per  cent,  lead =10,244,200  kilo- 
grams ;  deduct  8  per  cent,  loss  in  reduction=62per  cent, 
lead  extracted  from  ore= ^j  117, 820 

Lead-ore  and  blende  reduced  in  Sardinia,  990,900  kilo- 
grams, valued  at  120,265  lira,  contains20percent.  lead=        198, 650 

9,316,470 
Calamine,  39,11:^,950,  valued  at  5,601,812  lira,  contains  47 

per  cent.  ziuc= 18, 383, 556. 5 

40.  The  statistics  of  cost  of  mining  and  transportation  of  ore  to  the 
vessels  will,  doubtless,  be  very  interesting  to  American  miners. 

In  the  calculation  of  the  value  of  ore,  the  price  of  lead  in  Marseilles 
is  taken  as  the  basis.  The  buyer  estimates  the  cost  of  smelting  at  60  to 
70  lira;  of  desilverization  at  60  lira  per  ton,  and  a  lead  loss  of  7  to  9 
per  cent.    The  silver  is  paid  for  at  the  rate  of  21  centisimi  per  gram. 

The  price  of  zinc  in  London  is  taken  a«  the  basis,  and  ore  containing 
45  per  cent,  zinc  is,  accordingly,  worth  on  board  the  vessel  from  43  to 
69  lira. 


The  lira  is  equivalent  to  ll^ceuts  in  the  coin  of  the  United  States. 
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One  ton  of  lead-ore : 

Lira. 

Mining 55. 95 

Hoisting  out  of  mine 16. 19 

Separating  and  dressing 11. 40 

Transportation  on  board  ship , 22. 76 

Superintendence^  &c 20. 00 

Yarious  items 6. 03 

132.33 

The  company,  Malfidino,  engaged  in  mining  calamine  near  the  coast, 
presents  the  following  calculation  of  mining  expenses,  &c.: 

Lira  per  ton. 

Mining 9. 33 

Calcining 9. 05 

Transporting  from  the  mine  to  the  coast 4. 05 

Transporting  from  coast  on  board  vessel 10. 01 

General  expenses 4. 00 

36.44 


CHAPTER    V. 


.    BELGIAN  EXHIBITS. 

Exhibits  fkom  Bleyberg;  Bleyberg  smbltin<3  process;  Comparison  ok  Belgian 
AND  English  reterberatory  smeltino-furnage  ;  Exhibit  of  the  Zinc  Mining 
AND  Smelting  Company  op  la  Vieille;  History  of  the  Zinc  Mining  Com- 
pany and  description  of  the  works. 

41.  The  Soci6t6  Anonyme  da  Bleyberg  fismoutzess  exhibited  a  very  in- 
teresting collection  of  minerals,  ores,  and  metallurgical  products,  which 
was  composed  of  dressed  and  undressed  lead  and  zinc  ores,  silver-lead, 
a  large  cake  of  silver  from  the  cupellation- furnace,  refined  commercial 
lead,  guaranteed  not  to  contain  0.00488  per  cent,  of  impurities,  (copper, 
antimony,  silver,  &c.,)  homogeneous  antimonial  lead,  commercial  zinc, 
and  various  other  metallurgical  products,  viz :  mengite,  red  and  yellow 
litharge,  cadmium  sulphide,  fumes  from  the  condensation-chambers,  and 
lead-matte. 

42.  Belgian  smelting  peocess. — The  Bleyberg  lead-ores  carry 
about  80  per  cent,  lead,  0.0145  per  cent. =4  oz.  4  dwt.  10  gr.  silver,  0.76 
per  cent,  antimony,  0.006  per  cent,  copper,  also  blende,  iron-pyrites,  and 
a  small  amount  of  quartz.  The  ores  are  carefully  dressed,  and  are  easily 
smelted.  The  furnaces  used  for  ore-smelting  greatly  resemble  the  Flint- 
shire furnaces.  The  principal  difference  is,  the  Belgian  has  two  fire- 
places, one  at  each  end,  instead  of  one,  as  at  Flintshire ;  and  the  hearth, 
instead  of  being  concave,  as  at  Flintshire,  slightly  inclines  at  an  angle 
of  0O.2  per  meter  from  both  fire-places  toward  the  center.  The  object  of 
the  two  fire-places  is  to  economize  fuel  and  afford  a  greater  uniformity 
of  temperature.  The  molten  lead  is  tapped  into  a  pot  in  front  of  one  of 
the  middle' doors.  The  charge,  1,000  kilograms,  remains  in  the  furnace 
sixteen  hours,  whereby  400  kilograms  bituminous  coal  are  consumed  in 
its  treatment,  and  two  workmen  employed.  From  the  above  charge  there 
results  524  kilograms  silver-lead,  with  0.0258  per  cent. =7  oz.  10  gr.  silver, 
and  331  kilograms  dross,  with  66.36  per  cent,  lead,  2.0  per  cent,  antimony 
and  0.0024  per  cent.=l  dwt.  silver. 

When  the  furnace  is  first  charged  the  temperature  is  kept  for  about 
half  an  hour  at  a  red  heat ;  at  the  end  of  this  time  the  charge  is  worked, 
with  short  intermissions,  for  six  hours,  the  temperature  being  raised 
toward  the  last  to  a  cherry -red  heat.  Molten  lead  now  appears ;  the 
doors  are  closed,  and  the  temperature  is  raised.  In  about  four  hours, 
2>i 
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during  which  the  ore  is  turned  every  half  hoar,  lead  ceases  to  flow; 
when  powdered  charcoal  and  lime  are  mixed  with  the  charge  to  make  it 
pasty,  and  to  reduce  the  oxides  and  sulphates  which  have  formed,  the 
charge  is  heated  (being  repeatedly  worked)  for  about  four  hours  longer, 
great  care  being  taken  that  the  temperature  does  not  rise  above  a  cer- 
tain limit,  lest  other  metals  should  also  be  reduced.    The  dross  is  now 
subjected  to  an  increased  temperature  for  one-half  to  three-fourths  of  an 
hour,  whereby  it  is  agglomerated.    It  is  then  withdrawn  from  the  fur- 
nace and  smelted  in  a  low-blast  furnace,  with  slag  from  the  smelting  of 
the  impure  ores,  dross  from  the  lead-refining  furnace,  and  agglomerated 
fumes  from  the  condensation  chambers.    It  is  from  the  latter  smelting 
that  the  exhibited  homogeneotis  hard  lead  is  produced.    The  object  in 
thus  slowly  roasting  the  ore  and  conducting  the  reaction  process  by  a 
low  temperature  is  manifold.    It  has  already  been  stated  that  the  ore 
contains  considerable  copper  and  antimony.    The  reduction  of  these  in 
the  comparatively  low  temperature  is  avoided,  and  in  the  first  reaction 
period  the  lead  is  not  only  purer,  but  holds  the  greater  portion  of  the 
silver  contained  in  the  ore,  and,  as  the  operation  ceases  when  the  lead  in 
the  dross  reaches  60  per  cent.,  the  volatilization  of  lead  is  diminished, 
which  accompanies  such  high  temperature  as  the  production  of  dross 
containing  only  10  per  cent,  of  lead  would  necessitate.    The  loss  of  lead 
amounts,  according  to  the  assay,  to  only  5  per  cent.    The  amount  of 
dross  is  great,  but  the  combined  losses,  occurring  both  in  the  reverbera- 
tory  and  the  following  smelting  in  a  low-blast  fnrnace,  is  much  smaller 
than  it  would  be  were  the  reduction  originally  carried  on  to  a  greater 
extent  in  the  reverberatory  fnrnace.    In  July,  1872,  when  the  writer 
visited  these  works,*  the  silver  was  separated  from  the  silver-lead  by 
the  zinc-desilverization  process.    Steam  was  used  to  oxidize  the  zinc 
and  antimony.    The  silver-zinc  dross  was  smelted  in  a  shaft-furnace 
with  iron  tap-cinder.    There  were  no  products  of  desilverization  exhib- 
ited by  this  company. 

43.  Comparative  trials  between  the  Bleyberg  and  English  (Flintshire) 
furnaces  have  been  reported  by  M.  Gaheii,  and  commented  upon  by 
Percy,  whose  comments,  together  with  the  result  collected  by  M.  Gaheo, 
I  here  give.  The  furnace  employed  differed  considerably  in  its  relative 
dimensions,  form,  and  in  a  few  other  particulars.  The  ores  treated 
assayed  79  per  cent.  lead.  The  length  of  the  furnace-bed  was  2.7  milh- 
meters,  (8'  10".3,)  and  its  mean  width  2.9  millimeters,  (9'  6".17 ;)  the 
grate  was  2.0  millimeters  (6'  6".74)  long  and  0.5  millimeters  (r  7''.69) 
wide;  the  width  of  the  fire-bridge  was  0.6  millimeters,  (1'  11''.62;)  its 
height  from  the  bed  0.3  millimeters,  (11".81 ;)  the  height  of  the  roof  from 
the  fire-bridge  was  0.3  millimeters,  (11".81.)  ^ 

*  The  writer  was  neither  able  to  obtaia  admittance  into  the  desilverization-works, 
nor  was  information  concerning  the  process  to  be  had  from  the  officials,  therefore  be 
is  not  able  to  give  an  accurate  description  of  the  process  here. 
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RESULTS  OP    FURNACE  TRIALS. 


Charge,  kilogranis 

Duration  of  a  charge,  hoars 

Lead  obtained,  kilograms 

Gray  slag  obtained,  kilograms 

Leaii  in  gray  slag,  per  cent 

Lead  in  gray  slag,  Kilograms 

Direct  yield  of  lead,  per  oent 

Yield  inclnsive  of  lead  in  »:ray  slag,  per  cent. 

Loss  of  lead  on  100  kilograms  of  ore 

Loss  of  lead  on  100  kilograms  of  lead 

Cool  per  100  kilo^rrams,  Kilograms 

Labor  per  1,000  kilograms  of  galena,  francs . . 

Stnithery  costs  per  1,000  kilograms  of  galena, 

francs 


L 

n. 

UL 

IV. 

V. 

VL 

Vll. 

1,000 

1,000 

800 

1,000 

1,000 

1,600 

2,000 

9 

9 

9 

9 

12 

16 

16 

627.7 

560 

468 

477 

630 

1,096 

1,304.4 

153 

290 

225 

354 

223 

158 

310 

39 

50 

44 

74 

35 

22 

30 

59.8 

145 

99 

262 

78 

34.76 

93 

tf2.T7 

56.0 

5a  5 

47.7 

63.0 

6a5 

65.3 

68.75 

70.50 

70.87 

73.9 

70.8 

70.67 

69.97 

10.25 

8.5 

8.13 

5.1 

8.2 

8.33 

903 

12.97 

10.7 

10.3 

6.45 

10.4 

10.5 

11.4 

712 

562 

633 

506 

700 

917 

734 

3.75 

3.75 

4.70 

a  75 

5.00 

7.91 

6.  .33 

4.80 

2.00 

SL40 

2.00 

3.20 

3.20 

2.40 

VIIL 


2,000 

12 

1,036 

744 

62 

463 

51.6 

74.86 

4.14 

5.2 

375 

4.75 

0.80 


The  most  favorable  resalt  recorded  in  the  table  is  declared  to  be  that 
in  column  VIII,  in  which  the  direct  yield  of  lead  from  ore  containing 
79  per  cent,  is  51.8  per  cent.,  with  the  production  of  37.7  per  cent,  of 
gray  slag,  containing  62  i>er  cent,  of  lead ;  the  loss  being  5.2  per  cent, 
lead,  inclnsive  of  what  is  estimated  to  be  recovered  from  the  gray  slag. 
The  results  obtained  in  smelting  galena  in  the  Flintshire  furnace,  yield- 
ing about  81  per  cent,  of  lead  by  assay  in  the  iron  dish,  are  as  follows : 
The  direct  yield  was  66.9  percent.,  with  the  production  of  11.9  per  cent, 
of  gray  slag,  containing  about  55  per  cent,  of  lead ;  the  loss,  inclusive 
of  what  occurs  in  smelting  the  slag,  is  5  per  cent.  The  consumption  of 
coal,  however,  was  much  less  in  the  trial  reported  in  column  YIII  than  in 
the  English  trials,  but  then  it  must  be  borne  in  mind  that  the  direct 
yield  of  lead  was  much  smaller,  and  the  production  of  gray  slag  much 
greater  in  the  former  than  in  the  latter.  Front  the  preceding  consider- 
ations it  will  be  perceived  that  the  Belgian  trials  in  the  so-called  Eng- 
lish furnace  could  not  have  been  satisfactorily  conducted,  owing  to  de- 
ficient skill,  to  faulty  construction  of  the  furnace,  or,  as  is  possible,  to 
both  causes.  The  difference  between  the  Belgian  and  English  results 
cannot  be  ascribed  to  difference  in  the  quality  of  the  galena  treated  in 
the  two  cases,  as  it  was  similar,  both  being  easily  reducible. 

44.  Alphonse  Bodart  ^  Lovegr^e  exhibited  several  specimens  of  ga- 
lena, blende,  and  iron  pyrites. 

45.  The  "Soci6t6  Anonyme  des  Mines  et  Fonderies  de  Zinc  de  la 
Yieille  Montague  ^  Li6ge^  exhibited,  in  a  separate  pavillion,  an  exten- 
sive collection  of  articles  manufactured  from  zinc  and  galvanized  iron. 
The  latter  was  shown  in  various  patterns  for  buildings,  viz,  for  roofing, 
sides  of  houses  and  moldings  for  ornamental  purposes. 

46.  This  large  Belgian  corporation  was  founded  in  1837,  and  has  estab- 
lished an  immense  trade  throughout  the  world,  having  branch  estab- 
lishments in  Prussia,  Sweden,  France,  Italy,  Spain,  and  Algiers.  The 
value  of  the  ore  extracted  from  the  mines  near  Altenberg,  in  1872,  was 
$720,000  in  gold.  In  the  mining  of  this,  1,600  laborers  were  employed. 
Its  headquarters  is  in  Liege,  but  it  possesses  metallurgical  works  near 
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MoresQet,  (Altenberg,)  Millheim  on  the  Ruhr,  Borbeck  and  Oberhaasen, 
These  works  employed,  in  1872,  900  workmen,  and  produced  raw  zinc 
valued  at  $1,200,000,  and  sheet  zinc  valued  at  $800,000.  The  archi- 
medean  screw  is  now  used  to  remove  lead  from  the  remelting-fnrnace. 
In  Moresnet,  the  heat  emanating  from  the  distillin^-fnrnaces  is  utilized 
by  conducting  it  directly  in  a  single-hearth,  reverberatory,  calamine- 
calcining  furnace.  By  means  of  this  economized  heat,  from  3,600  to 
4,000  pounds  of  ore  are  calcined  in  twenty-fonr  hours. 

The  cooling  of  the  walls  of  the  distilling-furnace,  and  the  irregulari- 
ties of  the  draught,  are  mostly  avoided  by  building  the  calcining-fur- 
nace  between  two  distilling-furnaces,  and  above  the  topmost  row  of  dis- 
tilling-tubes ;  the  gases  escape  through  a  chimney  about  7  meters  high, 
whose  draught  is  regulated  by  means  of  dampers. 

The  calcining-furnace  of  these  works,  in  which  fuel  is  used,  has  two 
hearths  and  a  much  greater  capacity  than  those  connected  with  the 
distilling-furnaces.  The  upper  hearth  is  7.2  meters  long,  and  the  lower, 
5  meters  long.  Its  capacity  is  4,000  pounds  in  six  honrs=16,000  pounds 
in  twenty-four  hours,  accompanied  by  a  calcining  loss  of  27  to  30  per  cent 
and  a  consumption  of  824  to  880  hectoliters  of  coal.  It  is,  accordiug  to 
the  above,  advantageous  to  combine  every  two  distilling-furnaces  with 
one  calcining-furnace  in  which  the  escaping  heat  may  be  used.  But  as 
the  quantity  of  ore  thus  calcined  would  not  be  sufficient  to  supply  the 
distilling-tubes  or  muffles,  other  furnaces  must  be  built  to  prepare  a 
sufficient  amount  of  ore. 

The  zinc  oxide  is  reduced  in  Moresnet,  Miilheim,  and  in  Borbeck,  by 
means  of  the  Boetius  generator  gas-furnace.  It  is  simpler  and  cheaper 
than  Siemens's  regenersftive  gas-furnace.  Its  economical  results  are 
excellent,  (30  per  cent,  of  fuel  being  saved,)  and  it  is  easily  regulated. 


CHAPTER    VI. 


SWEDISH  EXHIBITS. 

Character  of  ores;  Principal  reducing- works ;  Treatment  of  ores;  Experi- 
ments ON  M.  Lundin's  furnace  ;  Exhibit  of  the  Stora  Kopparberg  Copper- 
Works  ;  The  Kafrbltrops  Stock  Company  j  Description  of  the  works  ;  Ex- 
hibit of  newly-discoveked  minerals;  Copper  extractions,  new  process; 
Process  ordinarily  employed;  Preparation  of  sulphuric  acid  used  in  the 
process;  Manipulations  of  the  process;  Production  of  silver-zinc  ores. 

47.  A  large  proportion  of  Sweden's  ores  is  yearly  exported  to  foreign 
countries  for  redaction  (chiefly  to  England)  on  account  of  an  insufiELcient 
home  supply  of  fuel.  Among  the  metals,  copper,  after  iron,  is  of  the 
most  importance.  The  principal  copper-mines  and  reduclng-works  are 
at  Falun  and  Atvidaberg;  these  have  been  worked  since  the  thirteenth 
century. 

48.  As  the  price  of  fuel  was  yearly  increasing,  it  was  proposed  to 
dress  the  ore  thoroughly  and  combine  a  smelting  with  a  wet  process, 
viz,  the  poor  ore,  consisting  of  the  greater  part  of  the  product  from 
the  dressing- works,  is  roasted  with  salt  and  then  lixiviated,  while  the 
concentrated  ore  only  is  smelted.  With  this  object  in  view,  the  "  Berg- 
werk  Gesellschaft  Stora-Kopparberg "  at  Falun,  erected  in  1870-'72  an 
immense  ore-dressing  establishment.  The  quartzose  ores  are  crushed 
and  assorted  by  means  of  machinery.  The  copper  is  refined  in  gas 
reverberatory  furnaces,  according  to  M.  Lundin's*  construction,  with 
Siemens^s  regenerator,  in  which  wood  and  sawdust  are  burned. 

49.  This  sawdust  gas-furnace,  with  Lundin's  condenser  and  Siemens's 
regenerator,  has  been  introduced  in  iron-works  in  Prevali,  in  Oarinthia, 
and  a  series  of  experiments,  conducted  by  M.  J.  Dagmer,  h{is  led  to  the 
following  jconclnsions,  taken  from  the  "  Kiirntner  Zeitschrift,"  1871, 
Kos.  4,  6,  and  7.  From  this  comparison  it  was  conceded  that  Lundin's 
method  undoubtedly  is  of  great  practical  value,  or,  at  least,  applicable 
even  under  unfavorable  circumstances. 

49,  The  fluctuations  in  the  production  of  gas,  caused  by  the  periodical 
addition  of  cold  fuel,  the  varying  amounts  of  water  and  ash  contained 
in  it,  as  well  as  the  unequal  sizes  of  the  material  used  and-fluctua 
tions  in  the  force  of  the  blast,  &c.,  are  principally  regulated  by  means 
of  the  heat-regulator,  and  the  thick  walls  of  the  generator;  the  adop- 
tion of  a  common  regulator  for  two  furnaces  guarantees  a  uniformity  in 
the  amounts  of  the  products  of  distillation  and  a  minimum  in  the  con* 

*  For  explanations  and  drawings  of  this  furnace^  see  Mr.  A.  S.  Hewitt's  Report  upon 
Iron  and  Steel  at  the  Paris  Exposition,  p.  104. 
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BDmption  of  fuel.  The  coDdensation  of  the  carburetted  hydrogen,  which 
compouDd  is  lost  in  the  condensation,  is  richly  compensated  by  the  larger 
prodaction  of  metal,  the  removal  of  the  water-vapors,  the  separation  of 
alkaline  compounds  and  of  parMcles  of  coal.  The  only  decrease  of  tem- 
perature, which  can  be  looked  upon  as  an  actual  loss,  is  that  which  the 
gases  sufifer  by  their  condensation.  This  loss,  however,  is  a  small  price 
to  pay  for  the  many  important  advantages  which  the  work  allows  with 
purified  gases,  free  from  moisture. 

Peat  and  all  kind  of  forest-wood  can  be  used  to  advautige.  By  the 
gasification  of  these  substitutes  for  fuel,  a  higher  pyrometrical  tempera- 
ture can  be  produced  than  by  the  direct  use  of  a  grate  fire-place  with 
good  fuel,  (which  is  of  especial  importance  in  the  manufacture  of  steel.) 

The  purified  gases  may  be  conducted  for  a  great  length  ;  in  Sweden, 
for  example,  for  a  distiiuce  of  280  feet.  The  gasification  proce^  allows 
of  further  improvement. 

50.  The  Stora-Kopparberg  Copper-Works  exhibited  the  following: 
ores,  principally  copper-pyrites,  slag,  unroasted  and  roasted  matte? 
black  copper,  produced  from  the  smelting  of  matte  which  had  under- 
gone five  roastings,  and  refined  copper,  which  is  extensively  used  in  the 
manufacture  of  brass.  In  addition  to  copper,  which  forms  the  principal 
product,  there  were  also  exhibited  samples  of  gold,  silver,  lead,  red 
ocher,  copper  and  iron  vitriol,  sulphur,  and  sulphuric  acid. 

51.  This  company  treated  in  1871 — 

KilogTdiuH. 

Quartzose 10, 740^  OOD 

Pyritous  ores 14, 955,  OOc 

Total 25, 695,  (mo 

In  the  working  of  this  there  was  consumed — 

Cha  rcoal 8, 083. 80 

Coke 3, 322.  STi 

Wood 6, 880.  SO 

Total 18,286.95 

The  production  was — 

Kiloi^ams. 

Eefined  copper 754, 135. 5 

Copper  vitriol 113,600 

Iron  vitriol 23, 982. 5 

Sulphur    380,000 

Gold 6.52 

Silver 92.365 

Total 1,271,816.885 

About  607  men  and  39  women  are  employed  in  the  mines  and  dree- 
ing and  smelting  works.    They  receive  from  $1  to  $2.50  (gold)  per  day- 
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52.  The  Kafveltorps  Stock  Company,  Gotebor^,  exhibited  samples  of 
copper,  ztuc,  and  lead  ores.  The  copper-ore,  viz,  copper-pyrites,  assayed 
4 J  to  5  per  ceut.  of  copper.  The  lead-ore,  galena,  assayed  25  per  cent, 
lead,  carrying  15  to  30  ounces  of  silver. .  The  silver  contained  2^  to  3 
per  cent.  gold.  The  zinc-ore,  blende,  carried  30  to  40  per  cent,  zinc- 
and  10  to  16  per  ceut.  argentiferous  lead. 

53.  The  Kafveltorps  copper,  zinc,  and  argentiferous  mines  and  smelt- 
ing-works  are  situated  in  the  county  of  Orebro  and  mining-district  of 
Nj-a  Kopparberget,  and  have  direct  communication  with  Gottenborg 
and  other  ports  by  rail.  The  mines  have  been  worked  only  since  1864, 
and  have  never  been  fully  developed.  It  has  been  calculated  that  these 
mines  and  works  would  produce,  being  conducted  rationally  and  worked 
on  an  enlarged  scale,  as  a  minimum,  600  tons  lead  and  300  tons  copper, 
besides  preparing  1,800  tons  blende  to  about  40  per  cent,  zinc  for  ex- 
portation to  Belgium.  At  present  there  are  three  furnaces  used  in  cal- 
cining and  smelting  copper,  and  one  for  lead.  These  are  now  fully 
occupied,  but  the  erection  of  more  furnaces  will  follow  the  extension  of 
the  mining  operations. 

54.  The  following  newly-discovered  minerals  were  exhibited  by  this 
company :  WallerUtt,  occurs  in  serpentine,  in  the  Kafveltorps  copper 
mine.  It  is  of  the  color  of  copper-pyrites,  very  ductile,  and  having  a 
conchoidal  fracture.  Its  chemical  composition  is  2  Ou.  S,  re2  S3+2  Mg 
O  (Fe  Al)  O3+4  H2  O.  Chalkopyrthotin  occurs,  in  contact  with  garnet, 
in  the  Kafveltorps  copper  mine.  It  has  a  light,  brass  color,  brittle, 
hardness,  3.    Its  chemical  composition  is,  2  (Fe  S.  Cu  S.)  Fcg  S3. 

55.  There  were  also  exhibited  silver  and  zinc  ores  from  Nasaberg 
in  Norrbotten  Lan,  Auriferous  sand  from  Lnudorren  in  Jemtland, 
copper-ore  from  Johannesberg  in  Nerike,  and  from  the  S&gmyre  mines 
in  Dalarne,  copper-ore  carrying  8  to  9  per  cent,  copper,  none  of  which  has 
up  to  the  present  time  been  worked;  from  Gladhamer  mines  in  Kalmar 
Liin,  also  specimens  of  copper-pyrites. 

56.  In  the  last  few  years  wet  processes  have  been  introduced  in  two 
different  works.  These  have  proved,  considering  the  local  disadvantages, 
very  profitable.  These  are  the  works  at  Wirum  in  Kalmar  Liin  and 
Saltviken. 

57.  All  other  Swedish  copper- works  (with  the  exception  of  Falun,  and 
that  only  partly)  practice  the  old  method,  viz,  smelting  for  copper  mattCi 
when,  after  repeated  roasting  and  smelting  for  black  cppper,  refined 
copper  is  produced.  The  process  at  these  two  works*  is  materially  the 
same,  and  consists  in  crushing  the  copper-ore  (at  Saltviken,  with  a  Blake's 
crusher)  carrying  about  3  per  ceiit.  copper;  the  ore  is  then  mixed  with 
13  per  cent,  salt,  and  further  crushed  until  it  is  not  larger  than  5  millime- 
ters in  diameter.  After  it  has  been  dried  on  the  top  of  the  muffle  furnace 
used  for  roasting,  it  is  roasted  twenty -four  hours,  when  4  per  cent,  salt 
is  added,  and  the  roasting  continued  for  two  to  three  hours  longer ;  at 

*  From  the  Berg  and  Buttemaniscke  Ztiiungj  1873,  p.  153. 
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the  end  of  this  period  the  almost  cooiplete  formation  of  copper  chloride 
has  taken  place. 

58.  The  sulphuric  acid  used  in  lixiviating  copper  chloride  is  obtained 
by  passing  the  gases,  consisting  of  snlpharous  hydrochloric  and  small 
qnantities  of  sulphuric  acid  and  copper  chloride,  first  through  canals,  in 
order  that  all  particles,  mechanically  carried  off,  may  be  condensed,  and 
then  through  a  coke-tower,  into  which  a  small  stream  of  water  is  pumped. 
This  falls  through  a  sieve,  and  in  descending  absorbs  the  ascending  gases. 
This  acid  need  not,  for  the  purpose  for  which  it  is  used,  be  stronger 
than  140  to  150  Twaddle's  hydrometer,  but  is  generally  more  concentrated 
than  this. 

59.  The  calcining  hearth  is  8.313  by  3.563  inches  and  0.3  meter  high. 
The  coke-tower  is  built  of  wood,  and  is  23.75  meters  high ;  at  the  bot- 
tom it  is  3.266  by  3.266  meters ;  at  the  top,  3.12  by  3.12  meters  wide. 
The  bottom  of  the  tower  is  composed  of  two  perforated  stone  arches ; 
upon  the  upper  the  coke  is  piled  about  18  meters  high  ;  the  pieces  of 
coke  are  about  3.5  by  3  centimeters  large.  Above  the  tower  there  is  a 
flat  roof  with  a  small  chimney ;  under  this  roof  is  a  false  floor  containing 
numerous  small  holes  through  which  the  water  drops  upon  the  coke. 
There  is  obtained  from  this  tower  about  1,626  liters  of  acid  of  16°  or  1.080 
specific  weight.  As  the  ascending  power  of  the  gases  is  in  proportion  to 
the  differences  between  their  temperature  and  the  temperature  of  the 
external  air,  it  occurs  sometimes,  in  summer,  that  the  furnace  draught 
is  decreased  to  so  great  an  extent  that  the  gases  return  and  ese^tpe 
through. the  working  doors.  This  great  objection  to  the  process  is 
increased  by  the  coke  being  crushed  by  its  own  weight,  and  becoming 
choked  by  small  particles  carried  off  by  the  furnace  draught.  These 
latter  obstacles  are  greatly  removed  by  washing  the  coke  weekly  with 
clean  water.  The  warm  chloridized  ore,  after  being  placed  in  the  lixiv- 
iating-tub,  is  first  treated  with  hot  water  and  then  with  weak  acid.  Tliis 
solutionis  repeatedly  poured  over  the  mass  until  it  ceases  dissolving  ? 
then  stronger  acid  is  used,  and  finally  acid  direct  from  the  coke-tower 
The  residue  is  then  washed  with  warm  water,  and,  if  it  does  not  contain 
more  than  0.1  per  cent,  copper,  the  operation  is  finished.  One  tub  con- 
taining 183.J  centner  ore,  can  be  perfectly  lixiviated  in  twenty-four  hours^ 
but  as  the  supply  of  tubs  is  greater  than  the  demand,  the  ore  is  allowed 
to  remain  in  them  for  four  days,  and  the  solutions  passed  through  from 
10  to  30  times.  The  solution  containing  the  copper  chloride  is  warmed^ 
to  increase  its  volume,  by  conducting  steam  into  it. 

The  copper  is  precipitated  by  means  of  iron,  wrought  iron  being  pre- 
ferred ;  of  the  latter  100  pounds  is  consumed  to  precipitate  80  pounds 
of  copper.  The  quality  of  the  iron  used  determines  the  length  of  time 
necessary  in  precipitation,  which  is  from  three  to  five  days.  The  iron 
and  precipitated  copper  are  placed  in  a  metallic  sieve  having  holes  12 
millimeters  in  diameter.  Water  is  pouredluto  the  sieve  and  the  copi)er 
falls  through ;  the  iron  remaining  in  the  sieve. 
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60.  The  expenses  and  production  of  working  two  furnaces  for  one 
month  were: 

Thaler.* 

183,720  kilograms  ore  cost 1,166.40 

31,250  kilograms  salt  198.18 

617.5  kilograms  wrought  iron 135.00 

91,800  kilograms  bituminous  coal  for  furnace ^  ^„^  ^ 

61,200  kilograms  coal  for  engine,  &c - .  r  ) 

Wood  for  drying  the  precipitate 1.60 

Wages 237.75 

2,710.93 

The  production  was  127^  copper  precipitate,  containing  80  per  cent, 
copper,  valued  at  2,812.5  thaler. 

To  produce  1  centner  copper  precipitate,  containing  80  per  cent,  cop- 
per and  20  per  cent,  iron  and  basic  salts  costs : 

9.15  thaler  for  ore. 
10.44  thaler  for  cost  of  reduction. 

19.59  thaler. 

The  gain  per  1  centner  of  precipitate  is  2.47  thaler.  This  precipitate 
is  exported  to  England. 

61.  Argentiferous  lead  is  found  in  several  places.  The  silver-works 
Dear  Sala  are  the  oldest  and  most  important.  Sweden  does  not  produce 
metallic  zinc,  but  it  is  found  in  large  quantities  at  the  mines  near  Amme- 
berg,  which  are  owned  by  the  company  of  J^a  Yeille  Montague. 

*  1  thaler  =  ^1.03  gold. 
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NORWEGIAN  EXHIBITS. 

Important  ores;  Exhibits  of  the  Altenbr  Copper  Works,  copper  minerals, 
zinc  and  lead  ores;  exhibits  and  statistics  of  the  konsberg  8ilver 
Works. 

62.  The  mineral-metallic  wealth  of  Norway,  althoagh  considerable,  is 
not  at  present  sufficient  to  supply  the  internal  demand.  It  is,  therefore, 
necessary'  to  supply  the  deficiency  by  importation.  Its  most  important 
metallic  products  are  copper,  iron,  nickel,  silver,  and  cobalt. 

63.  In  the  year  1870  the  seventy-six  mines  then  worked  employeil 
2,600  workmen.  They  produced  a  total  of  125,800,000  kilograms  of  ore. 
Of  these,  twenty-seven  were  copper  mines,  employing  1,270  workmen, 
and  producing  47,200,000  kilograms  of  copper-ore.  The  seven  silver 
mines  produced  2,200,000  kilograms  of  ore,  and  employed  363  workmen. 
The  production  of  copper  and  silver  has  undergone  no  material  change 
since  1865.  At  present  there  are  eleven  copper-works,  employing  2oo 
workmen,  and  producing  520,000  kilograms  refined  copper.  Of  these 
copper  metallurgical  works,,  those  at  Roras,  founded  in  1644,  and  work- 
ing ore  carrying  7  to  8  per  cent,  of  copper,  are  the  most  important.  The 
next  in  importance  are  the  Alteuer  Copper- Works,  in  Finland,  founded 
in  1839,  and  the  copper-works  on  the  Vigsnas,  in  Stavanger  district. 
In  1871  Norway  exported  unrefined  copper  valued  at  259,000  spec.,* 
and  imported  copper  valued  at  23,000  spec. 

64:.  The  Altener  Copper- Works  exhibited  interesting  specimens  of  their 
ores  and  intermediate  products.  These  consisted  of  samples  of  refined 
copper,  which  was  of  a  light-red  color,  fine,  granular,  and  contained  the 
following  amounts  of  foreign  substances : 

Per  cent. 

Cu 99.05 

Fe 0. 06 

N  i 0. 085 

Pb 0. 20 

Mn 0.015 

Ag 0.03 

O 0.545 

Bi trace. 


99.98.5 


Spec,  or  6pticie8tbaltir=^1.03  gold. 
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Black  copper,  having  the  following  composition : 

Per  ceDt. 

Cu 91.486 

Fe 5. 039 

CoandNi.. 1.507 

Pb 0.454 

Zn 1.046 

S 0.854 

100.  386 
Eaw  matte,  of  the  following  chemical  composition  : 

Per  coDt. 

Cu 19.24 

Fe ...  49.  83 

Co 2.  56 

Ni trace. 

Pb 0.39 

Zn 2.15 

S ., 24.62 


98.79 
Slag,  from  black  copper  smelting,  having  the  following  composition  : 

Per  cent. 

SiOa 26.00 

AI2O3 2.69 

Ca  O 0.  57 

MgO 2.40 

FeO 67.57 

CuO 0.44 

/^7*  99. 67 

Slag,  from  ore-smelting  §¥em  matte : 

Per  cent. 

SiOa 31.00 

AlaOg 9.9 

CaO , 1.0 

MgO 3.70 

FeO 53.66 

Ca2  O 0. 42 


99.68 

In  addition  to  these,  there  were  samples  of  matte  which  had  been 
roasted  from  one  to  seven  times. 

No.  1. — From  the  first  roasting ;  of  a  bluish-black  color,  nonlnstrons, 
and  on  the.  surface  hard. 
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"No.  2. — From  the  second  roasting;  black,  with  spots  of  red  (from 
iron  sesquioxide)  and  green,  hard  and  non-lustrons. 

The  samples  from  third  and  fourth  roastings  presented  a  similar  ap- 
pearance to  No.  2.  1,  2,  3,  and  4  were  porons,  on  account  of  many  large 
air  bubbles.  The  products  from  the  fifth,  sixth,  and  sev^enth  roastings 
were  black,  soft,  easily'  pulverized,  full  of  pores,  and  presented  a  non- 
lustrous  appearance. 

65.  Specimens  of  copper  minerals  were  also  exhibited  by  M.  Brue- 
nech,  M.  Braun,  M.  Krohn,  and  "  M.  Fasmer  &  Son."  The  ^^Jarhberg 
werkj  Qrubeninteressentenschaft^  exhibited  zinc  and  lead  ores. 

66.  The  Konsberg  Silver- Works  are  the  principal  works  in  Norway, 
and  have  a  very  ancient  origin.  They  were  founded  in  1623,  and  have 
been,  since  that  time,  with  the  exception  of  from  1805  to  1816,  contin- 
ually worked.  Although  the  production  has  often  varied,  the  works 
have,  as  a  rule,  always  proved  profitable.  Since  1820  they  have  been 
conducted  on  a  limited  scale,  in  order  to  secure  their  longevity.  In 
1846-1860,  the  yearly  surplus  rose  to  160,000  speciethaler.  They  employ 
24  workmen,  and  their  average  production  is  3,700  kilograms  of  silver ; 
the  total  production  up  to  1874  being  842,200  kilograms  of  fine  silver. 

67.  The  large  and  interesting  collection  of  vein  and  mineral  samples 
were  almost  the  same  as  exhibited  at  the  Paris  Exhibition.  They  were 
here  displayed  on  a  large  pyramid,  on  the  summit  of  which  was  a  large 
piece  of  (a  gypsum  cast)  argent-sulphide,  surrounded  with  native  silver, 
(secondary  formation,)  which  was  taken  from  the  Koenig  mine,  from  a 
depth  of  500  meters,  weighed  100  kilograms,  and  was  valued  at  7,000 
florins.    This  valuable  and  remakable  collection  consisted  of — 

1.  Piece  of  later  vein-formation,  carrying  no  silver,  (laminated  calcite 
and  quartz,)  cellular,  and  containing  a  plain  impression  of  silver  crystals. 

2.  Pieces  of  later  vein-formation,  with  pyrites  and  calcite  crystals. 

3.  Older  vein-formation,  richly  impregnated  with  silver  and  argent- 
sulphide. 

6.  Older  vein-formation,  containing  silver,  also  anthracite  in  the  form 
of  shot,  imbedded  in  calcite. 

7-11.  Fallbander ;  older  formation,  containing  silver,  and  the  various 
gangue,  viz :  Quartz,  garnets  fluorite,  adular,  calcite,  magnetic-pyrites, 
pyrites,  copper-pyrites,  blende. 

12.  Cube  of  native  silver,  2.5  centimeters  in  diameter,  having  three 
edges  sharply  crystallized,  and  modiQed  by  small  octahedral  planes, 
00  8  oo.O. 

13.  A  group  of  beautiful  cubical  crystals  of  native  silver,  (about  10 
by  6  centimeters  large,)  between  which  were  small  calcite  crystals, 

oo  0  oo.O. 

14.  A  group  (about  10  by  3  centimeters  large)  of  cubical  native  sil- 
ver crystals,  oo  0  oo.O.,  rising  in  the  form  of  stairs ;  between  the  silver 
were  crystals  of  arsenical  pyrites  and  calcite. 

15.  Large  mass,  weighing  about  eight  pounds,  of  crystallized  native 
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silver.  These  distorted  cubes  are  about  1  centimeter  iu  diameter  and  4 
centimeters  long,  both  ends  being  curved  and  tapering  to  a  point.  All 
of  these  crystals  were  silver  white. 

16.  A  reddish-white  mass  of  native  silver  on  argent-sulphide  and  cal- 
cite,  ranging  from  capillary  silver  to  2  by  7.  centimeters. 

19.  A  remarkably  beautiful  crystal  of  stephanite,  forming  a  sharply- 
crystallized  rhombic  table  1  centimeter  high  and  2  centimeters  broad. 

20.  Reddish- white  silver  of  secondary  formation,  forming  a  triangular 
mass  20  by  14  centimeters  and  silver  glance. 

21.  A  piece  of  red,  white,  and  yellow  silver,  of  secondary  formation, 
containing  plain  impression  of  calcite  crystals. 

22.  Native  silver,  increasing  from  capillary  silver  to  5  centimeters  in 
diameter  to  13  centimeters  long.  This  mass  is  on  and  around  calcite 
crystals. 

23.  Was  a  remarkable  calcite  crystal,  3  centimeters  in  diameter,  in 
the  interior  of  which  is  a  piece  of  native  silver. 

In  addition  to  these  there  were  exhibited  granulated  silver  f  f  ^  fine, 
(for  jewelers,  photographers,  &c.,)  and  silver  bricks  m^  fine. 
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GERMAN  EXHIBITS. 

Growth  of  mining  and  metallurgical  inbustriks;  Germany's  metallurgical 
rank;  Exhibits  by  combined  lead,  silver,  and  copper  works  ;  Exhibits  from 
Freiberg  ;  Principal  ores  treated  ;  Classification  op  veins  in  Freiberg  min- 
ing DISTRICT ;  Water-power  and  drainage  of  the  mines  ;  Growth  of  metal- 
lurgical works;  Shaft  roasting-furnaces;  The  Freiberg  metallurgical 
process  ;  Exhibits  from  the  Harz  ;  The  Harz  metallurgical  process  ;  Ex- 
hibits of  Oker  Sager  HCtte,  Julius  HCttb;  Process  at  the  Okkr  SjCger 
HDtte,  the  Herzog  Julius  HCttb;  The  Mansfield  Copper- Works ;  Exhibits 
AND  ORES  FROM  Upper  Silesia  ;  The  Tarnowitz  Lead  and  Sm^xting  Works; 
Progress  and  condition  of  lead  mining  and  smelting  of  the  Rhine  prov- 
inces; Exhibits  of  Hkrbst  «&  Co.;  The  Stolbbrg  Stock  Company  for 
Mining  and  the  Production  of  Lead  and  Zinc;  The  Rhine  Nassau  Smelt- 
ing Company;    The  Mechernicher  Smelting- Works ;   The  Ems  Smblting- 

WORKS. 

68.  The  illustration  of  Germany's  extensive  mineral  treasures  and 
prodacts  of  her  metal  extraction  was,  on  account  of  its  completeness 
and  judicious  arrangement,  unanimously  conceded  to  be  the  model  ex- 
hibit in  Group  I  of  the  entire  Exhibition. 

From  all  the  principal  mining  districts  there  were  collections  made 
by  private  parties,  and  in  some  instances  by  the  government,  (where 
the  property  belonged  to  it,)  comprising  geological  charts,  specimens  of 
the  country's  rocks  and  minerals :  from  the  reduction-works,  ores,  inter- 
mediate and  final  products.  These  exhibits,  especially  those  of  the 
Saxon  and  Prussian  metallurgical  works,  consisted  in  thorough  and 
systematic  collections,  admirably  arranged,  and  accompanied  by  models 
of  furnaces,  statistics  of  production,  and  diagram's  of  the  processes ; 
thus  presenting  to  the  professional  visitor  an  immediate  and  compre- 
hensive oversight  of  the  character,  size,  and  progress  made  by  the  works 
thus  represented.  It  was  here  made  apparent,  even  to  those  not  well 
informed,  that  Germany,  the  cradle  of  mining  and  metallurgical  skill 
and  science,  by  reason  of  her  immense  progressive  strides,  retains  her 
prominence,  and  is  to-day  the  home  of  that  science  needed  in  the  advance- 
ment of  this  branch  of  industry. 

69.  If  we  study  closely  the  cause  of  the  success  of  German  metallurgist's, 
we  will  learn  that  it  is  owing  to  several  advantages  they  possess  ;  these 
are  the  result  of  many  years'  experience,  associated  with  science  and 
natural  advantages.  Although  Karsten  says  ^^  that  the  date  of  the 
commencement  of  mining  in  Saxony  is  not  to  be  ascertained,  nor  is  it 
to  be  determined  where  it  first  began ;  that  we  only  know  with  certainty 
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tbat  silver-ore  was  mlDed  in  Saxony  ^in  the  Erzgebirge)  iu  tbe  second 
half  of  the  twelfth  century,  and  reached  a  prosperous  height  through 
the  immigration  of  Harz  miners,  toward  the  end  of  that  century.^  He 
says,  also,  "  that  the  people  who  overturned  the  Eoman  Empire  wan- 
dered to  and  settled  in  Bohemia,  Moravia,  and  Saxony  iu  the  seventh 
century,  taking  with  them  the  art  of  prospecting  for  ore  and  the  ex- 
traction  of  metals."  As  mining  in  the  Har^  (Rammelsberg  mine)  dates 
from  the  ninth  century,  it  is  in  all  probability  not  so  old  as  it  is  in  Sax- 
ony. There  is  little  or  nothing  extant  from  which  we  can  discover  the 
exact  manner  in  which  the  mining  and  reducing  operations  were  then 
conducted.  But  Bella  informs  us,  ^Hhat  in  the  first  book  on  mi ning- 
lawvS,  which  was  written  in  Italy  in  the  thirteenth  century,  there  ap- 
peared numerous  German  technical  phrases,''  which  indicates  that  min- 
ing bad  then  its  principal  seat  in  Germany.  Agricola  (1546)  describes 
lead,  silver,  and  copper  extraction  processes,  which  were  conducted  in 
a  rude  manner.  We  see  that  mining  here  has  not  so  ancient  an  origin 
as  in  some  other  countries,  but  has  been  prosecuted  with  an  almost  un- 
tiring zeal  and  an  energy  well  worthy  of  imitation.  This  industry  has 
been,  and  is,  fostered  and  protected  by  the  different  governments,  not 
only  through  laws,  subsidies,  and  loans,  but  also  by  establishing  and 
supporting  educational  institutes  which  are  directly  under  govern- 
mental control.  Thus  have  science  and  industry  been  encouraged.  By 
means  of  these  well-regulated  mining  schools  and  academies  a  constant 
supply  is  maintained  of  educated  men,  who  have  been  directly  the  cause 
of  Germany  retaining  her  position  and  leading  other  nations  with  her 
many  valuable  improvements. 

70.  It  is  a  noteworthy  fact  that  those  localities  in  Germany  which  are 
in  mining-districts,  and  in  which  government  technical  educational  in- 
stitutes are  established,  have  grown  to  be  great  mining  and  metallurgi- 
cal centers,  and  the  progress  made,  and  the  completeness  of  their  oper- 
ations, is  in  proportion  to  the  thoroughness  and  advancement  made  at 
those  institutes  of  learning.  There  are  other  places  in  Germany  where 
ore  is  very  abundant,  and  where  the  commercial  facilities  are  extensive, 
but  here  the  processes  are  not  so  perfect,  although  the  amount  of  bul- 
lion produced  is  somewhat  greater.  Thus  experience  and  science  going 
hand  in  hand  and  assisting  each  other  to  surmount  the  many  difficulties, 
which  constantly  occur  to  obstruct  their  progress  and  even  their  move- 
ments, the  natural  result — success — is  attained.  The  natural  advan- 
tage of  cheap  labor  and  material,  together  with  a  good  market  for 
the  products,  are  of  very  great  importance  and  are  necessary  for  a  large 
business^  but  these  without  the  former  advantages  would  be  insignifi- 
cant, as  the  value  of  the  former,  without  the  latter,  would  be  greatly 
diminished.  The  technical  superioritj^and  financial  success  of  the  Ger- 
man miner  and  metallurgist  are  to  be  attributed  to  the  above  facts. 

71.  Germany  is  at  present  in  the  front  rank  in  the  production  of  zinc; 
in  the  production  of  silver,  second;  in  lead,  third;  England  and  Spain 
only  producing  a  small  amount  more;  in  copper,  it  ranks  fourth. 
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72.  The  exhibit  of  Group  I,  representing  all  the  countries  of  the  Ger- 
man Empire,  was  displayed  in  three  special  buildings,  one  of  which  was 
devoted  entirely  to  iron.  The  empire  was  divided  into  several  large 
districts.  From  each  district  the  products  of  the  mines  were  arranged 
in  the  center,  and  around  these  the  diflferent  metallurgical  products 
belonging  to  the^same  district  were  displayed.  Immediately  apon  en- 
tering the  main  annex  by  the  middle  door,  the  visitor  saw  the  exhibit 
of  the  five  following  works:  The  Boyal  Saxon  Smelting- Works,  at  Frei- 
berg, the  Eoyal  Prussian  Smelting- Works  in  the  Upper  Harz^  the 
Eoyal  Prussian  and  Ducal  Brunswick  Smelting- Works  in  the  Lower 
Harz,  the  Incorporated  Mansfield  Smelting- Works  near  Eisleben,  and 
the  Royal  Prussian  FriedrichshUtte  near  Tarnowitz. 

73.  The  four  first  named  constitute  the  "  combined  lead,  silver,  and 
copper  works"  of  Germany,  which,  induced  by  the  mutual  desire  to 
treat  foreign  ores,  have  united,  in  order  to  be  better  able  to  conduct 
their  operations  with  greater  advantages  to  all  concerned.  This  idea 
was  here  expressed  in  a  mutual  display,  consisting  in  a  large  and  sys 
tematically  arranged  collection  of  geological  maps,  statistics  of  the 
growth  of  production,  charts  of  processes,  minerals,  ores,  and  the  vari- 
ous metallurgical  products.  The  center  of  this  exhibit  was  formed  by 
a  four-sided  pyramid.  One  side  of  this  pyramid  was  devoted  to  each  of 
the  following  works :  1,  Freiberg;  2,  Harz;  3, Mansfield;  4,  Tarnowitz. 

On  the  sides  of  the  pyramid  were  hollow  glass  cubes.  These  cubes 
illustrated  the  different  metallurgical  processes,  as  conducted  at  the 
various  smelting-works,  the  cubes  being  in  proportion  to  the  weight  of 
the  various  intermediate  and  final  products  represented.  Thus,  the  size 
of  the  cube  containing  a  product,  by  being  in  proportion  to  the  cube 
holding  the  ore  and  intervening  products,  was  made  to  illustrate  the 
amount  of  ore  treated  and  the  quantity  of  each  product  therefrom. 
Samples  of  the  products  from  these  works  were  arranged  in  glass  easels 
on  the  sides  of  this  apartment. 

74.  First  in  order  are  the  Freiberg  works.  At  no  other  metallurgical 
establishment  in  the  world  are  to  be  found  so  many  various  and  numer- 
ous ores  for  treatment  as  at  the  Royal  Saxon  Metallurgical  Works  in 
Freiberg,  viz,  the  Muldner  and  HalsbrUckner  Hiitten.  Almost  all  known 
metals  are  to  be  found  in  the  ores  there  treated,  as  the  following  ex- 
hibited products  will  show :  .Gold,  from  auriferous  silver;  platinum 
sponge,  from  the  refining  of  gold ;  silver;  bismuth,  extracted  from  the 
litharge  and  test  bottom  of  the  silver-refining  furnace  by  dissolving  in 
hydrochloric  acid  and  precipitation  with  water;  soft  and  antimonial 
lead,  litharge,  zinc;  indium,  extracted  from  zinc-blende,  containing  a 
small  percentage  of  this  seldom  occurring  metal ;  arsenic,  white  arsenical 
glass,  (ratsbane,)  red  and  yellow  arsenic  sulphides,  alloy  of  zinc  and 
lead,  lead-speiss,  lead-matte,  concentrated  copper-matte,  slags,  zinc-gray, 
zinc-powder,  lead-fumes,  sulphuric  acid,  soda  sulphate,  copper-vitriol, 
iron-vitriol,  arsenic-sulphide,  from  purifying  the  sulphuric  acid  ;  further 
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on,  sheet-lead,  pipe^wire,  and  shot.  There  was  also  a  model  of  the  newly- 
erected  round  blast-farnace,  with  small  fore-hearth.  These  works  pro- 
duce from  the  ores  treated  seventeen  different  articles  of  commerce. 

75.  The  principal  ores  treated  are  argentiferous  galena  and  silver  ores, 
accompanied  by  copper  and  iron  pyrites  and  blende ;  they  occur  in  gray 
gneiss,  in  the  Erzgebirge.  The  mines  are  most  extensively  developed 
under  and  in  the  neighborhood  of  Freiberg,  where  over  eight  hundred 
veins,  forming  groups  in  four  different  zones,  extend  over  tweuty-flve 
miles  (English)  in  length. 

76.  The  whole  number  of  veins  known  in  the  Freiberg  district  amounts 
to  more  than  nine  hundred.  They  have  been  divided  by  von  Gotta  into 
the  following  four  classes : 

I.  The  noble  quartz  group,  so  called  because  its  valuable  ores  con- 
sist principally  of  silver  minerals.  The  vein-mass  is  quartz.  The  min- 
erals are  ruby-silver,  silver-glance,  native  silver,  fahlerz,  miargyrite,  poly- 
basiate,  brittle  silver-ore.  Associated  with  these,  in  small  quantities, 
are  iron  and  copper  pyrites,  antimony-glance,  galena,  blende,  iiaor-spar, 
calcspar,  iron-spat',  and  heavy-spar.  This  group  contains  about  one 
hundred  and  fifty  veins,  varying  from  3  inches  to  4  feet  in  width. 

II.  The  pyritiferous  lead  and  zinc  group ;  the  gangue  is  principally 
quartz.  The  ores  are  argentiferous  galena,  blende,  iron,  copper,  and 
arsenical  pyrites.  Associated  with  these  in  small  quantities  are  fluor- 
spar, iron-spa)r,  heavy-spar,  and  calc-spar.  This  group  contains  about 
three  hundred  veins,  varying  from  2  inches  to  3  feet  in  width. 

III.  The  noble  lead  group,  so  called  on  account  of  silver-ores  occur- 
ring with  the  lead-ores.  It  occurs  in  gray  gneiss.  The  gangue  is  man- 
ganese-spar, brown-spar,  and  quartz.  The  ores  are  rich  argentiferous 
galena  and  blende ;  and,  as  rare  occurrences,  the  following  minerals  are 
to  be  named:  Iron  and  copper  pyrites  and  a  few  proper  silver  min- 
erals.   This  group  contains  about  three  hundred  and  forty  veins. 

IV.  The  barytic  lead  group,  so  called  from  the  predominance  of  heavy- 
spar  and  fluor-spar  with  silver  and  load  ores.  The  gangue  is  heavy- 
spar,  fluor-spar,  and  quartz.  The  ores  are  argentiferous  galena  and 
blende. 

The  following  minerals  occur  in  smaller  quantities :  Iron  and  copper 
pyrites,  fahlerz,  and  proper  silver-ores.  This  group  contains  about  one 
hundred  and  thirty  veins,  varying  from  Q  inches  to  8  feet  in  width. 

77.  The  mining  machinery  in  this  district  is  mostly  driven  by  water, 
furnished  by  several  systems  of  complicated  canals,  which  are  many 
miles  in  length.  The  water  is  conducted  on  the  surface,  as  well  as 
great  distances  through  aqueducts  and  subterranean  canals.  This  is 
the  result  of  three  centuries  of  labor.  By  means  of  ingeniously 
conducting  the  water  from  one  mine  to  another,  it  is  thoroughly 
utilized.  The  mines  are  drained  by  fifteen  tunnels.  The  govern- 
ment own  and  control  both  the  water  sources  and  main  draining 
adits.    The  mines  are  furnished  with  water  free  of  expense'.    Each 
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water-wheel  receives  100  cnbic  feet  per  miDute,  or  1,008,000  cabie 
feet  per  week,  which  is  iu  many  cases  not  suffioieut  to  drive  tiie  large 
and  heavily  laden  wheels.  The  mining  dams  contain  208,000,000  cubic 
feet  of  water.  As  the  mines  are  gradually  beooming  deeper  and  the 
water-power  is,  therefore,  every  day  becoming  more  and  more  con- 
sumed in  raising  the  mine  water  from  the  deepest  parts  of  the  mines  to 
the  adits,  the  demand  for  still  lower  adits  has  long  been  a  rapidly 
growing  necessity.  This  was  foreseen  by  Preiherrn  von  Herder,  who 
originated  the  idea  of  constructing  a  tunnel  from  the  lowest  surface  Id 
Saxony,  situated  on  the  Elbe,  near  Eotbschonberg,  to  the  Freiberg 
mining-district.  His  estimation  of  3,000,000  thalers  and  forty-seven 
years  to  construct  it,  was  revised  by  the  government  authorities,  and  a 
plan  made  by  which — first,  an  adit  13,070.44  meters  from  the  same  point 
selected  by  von  Herder,  viz,  Rotihschonberg  on  the  Triebishbach  (a 
brook  flowing  into  the  Elbe)  to  Halsbrtieke;  finally  to  Freiberg  and 
Brand,  costing  1,300,000  tb^lers,  and  was  to  be  finished  in  twenty-two 
I  years.  At  the  completion  of  this  main  tunnel,  it  was  proposed  to  ex- 
^  tend  still  farther  an  ff^bstolln  23,720  meters,  at  a  cost  of  1,456,000 
thalers.  The  workings  of  this  celebrated  engineering  project  is  so  well 
known  that  a  detailed  description  will  here  be  dispensed  with.  Suffice 
to  say,  that  it  is  calculated  to  strike,  in  the  year  1876,  the  Bothegrube 
mine,  (situated  in  the  city  of  Freiberg,)  which  is  also  a  pumping  and 
hoisting  shaft,  at  a  depth  of  122.86  meters  under  the  pfes^it  deepest 
adit.  The  whole  length  of  this  tunnel*  will  be  ^7^50^64  meters;  of 
this,  Ij^ljfiM:  meters,  the  main  adit  from  Eotschonberg  to  Halsbrtieke, 
is  being  constructed  by  and  at  the  expense  of  the  government,  and 
^443|^320  meters  of  branch  tunneling  inside  of  the  Freiberg  district,  and 
draining  the  Himmelfahrt,  Junge  Hohe  Birke,  Freidrich  Erbstolln, 
Herzog  Aiigust,  Beschert  GlUck,  Yereingt  Feld,  Einigkeit,  and  Him- 
melsflirst,  is  to  be  paid  for  by  the  above-named  mines,  together  with 
the  "District  Water-Conducting  Association."  The  expectations  of 
the  successful  working  of  these  mines  in  the  future  are  chiefiy  founded 
on  the  Bothschonberger  tunnel,  which  is  about  four  times  as  long  as  the 
Mont  Ceuis  Tunnel. 

78.  The  metallurgical  works  at  Freiberg  have  attained  their  present 
state  of  perfection  only  after  many  years  of  experience,  assisted  bj'  the 
progress  of  science.  These  works  date  from  the  year  1710;  before  that 
time,  nearly  every  mining  company  smelted  its  own  ores  as  often  as  they 
had  accumulated  in  sufBcient  quantity.  The  advantages  for  both  parties 
of  thus  centralizing  the  reduction-works  are  apparent.  The  smelting- 
works  make  larger  profits  than  when  there  were  several  smaller  ones, 
but  they  also  pay  larger  prices  for  the  ore,  and  make  considerable  loans 
to  mines  that  require  them.  This  is,  in  most  cases,  equal  to  presenting 
them  with  money,  in  order  to  keep  them  in  operation.  The  history  of 
these  works  is  extremely  interesting  5  it  terms  several  important  epochs 
in  the  history  of  metallurgy. 
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79.  The  smelting  process  was.  greatly  improved,  about  the  middle  of 
the  sixteenth  century,  by  the  introduction  of  slag-hearths,  (Krummofefu) 
These  were  succeeded  by  low-blast  furnaces,  {Halbhochofen^)  in  1588. 

80.  In  1790,  an  insufficient  supply  of  lead  caused  the  introduction  of 
amalgamation.  This  was  a  modification  of  the  American  amalgama- 
tion, and  called  the  European,  or  barrel  amalgamation.  This  was  par- 
tially superseded  by  the  Augustin  method,  (1843,)  and  finally  by  smelt- 
ing the  poorest  silver-ores  for  matte,  (Boharbeit.)  The  latter  was  Im- 
proved by  conducting  the  process  in  reverberatory  furnaces.  These 
were  first  introduced  in  1845.  In  order  to  thoroughly  utilize  the  sulphur 
in  the  matte  by  the  manufacture  of  sulphuric  acid,  shaft  roasting-fur- 
naces  were  built  in  1854,  which  were  a  modification  of  the  English  kilns, 
now  well  known  as  the  Freiberg  kilns. 

81.  In  1860  the  present  method  of  extracting  the  silver  from  the 
roasted  copper-matte,  accompanied  by  the  production  of  copper-vitriol, 
was  introduced.  This  was  followed,  in  1862,  by  the  separation  of  silver 
from,  gold  by  means  of  sulphuric  acid.  In  the  same  year  the  arsenic- 
furnaces  werfe  built. 

^2.  Shaft  roastingfurnaces. — ^In  1863  Gerstenhofer's  terrace-furnaces 
were  erected.  A  few  remarks  will  be  sufficient  to  demonstrate  the  value 
and  principles  involved  in  this  important  improvement. 

In  general  they  have  the  advantage  of  good  utilization  of  the  heat, 
saving  of  fuel,  rapid  and  continual  work,  and  satisfactory  roasting. 

The  most  important  furnaces  of  this  class  that  have  lately  been 
invented  and  Improved  are  those  of  Gerstenhofer,  Stetefeldt,  Hasen- 
clever,  and  Helbig.  We  can  distinguish  here  two  classes :  the  first, 
in  which  the  necessary  temperature  for  roasting  is  supported  by  the 
combustion  of  the  sulphur  in  the  ores;  this  permits  of  the  use  of 
the  gas  for  the  manufacture  of  sulphuric  acid  In  the  second  class,  the 
roasting  temperature  is  effected  by  the  combustion  of  fuel,  and  the 
gases  produced  cannot  be  employed  for  the  production  of  sulphuric 
acid ;  but  by  the  use  of  fuel  a  more  complete  roasting  of  the  charge  is 
effected. 

83.  The  Gerstenhofer  furnace,  also  called  terrace-furnaee,  belongs  to 
the  first  class,  and  is  based  upon  the  principle  of  the  meeting  of  the 
finely-crushed  ore,  which  is  to  be  roasted  in  its  descent  with  the  heated 
gaseous  products  of  combustion  streaming  up  through  the  shaft  of  the 
furnace.  The  atmospheric  air  necessary  for  combustion  enters  the  fur- 
nace partly  from  underneath  the  furnace,  and  partly  through  numerous 
holes  in  the  front  of  the  furnace.  .  These  are  used  also  to  oversee  the 
process.  They  can  be  closed  by  means  of  clay-plugs,  and  the  access  of 
atmospheric  air  is  regulated  ,by  opening  or  closing  the  holes.  As  they 
are  situated  near  each  bar  or  bridge  in  the  furnace,  they  permit  the  re- 
moval of  any  agglomerated  substance  that  forms  on  the  bridge.  With  . 
the  exception  of  these  holes,  the  furnaces  are  closed  on  all  sides,  and  it  is 
therefore  possible  to  produce  gases  that  are  very  rich  in  sulphurie-acid 
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The  roaatiDg  temperature  is  produced  by  the  combustioii  of  the  salphar 
contained  in  the  roasting  charge ;  and  the  gases,  principally  composed 
of  salpharoas  acid,  after  having  passed  through  the  purifying  can^, 
wherein  most  of  the  arsenions  acid  is  deposited,  are  conducted  into  the 
lead-chambers  for  the  mannfaetare  of  snlphnric  acid.  The  shafts  of  these 
furnaces  are  rectangular  in  horizontal  section.  They  are  about  5.64S 
meters  high,  1.412  meters  wide,  and  0.785  meter  deep.  The  wall  is  0.628 
meter  thick  on  the  long  or  front  side,  and  0.47  meter  thick  on  the  short 
side;  they  are  built  in  a  row,  so  that  several  adjoin  each  other.  From 
side  to  side  of  the  shaft  there  pass  three-sided  bars  of  fire-clay,  two  of 
which  are  so  placed  in  the  sides  of  the  shaft  that  one  of  the  three 
edges  i)oints  upward,  the  others  downward.  There  is  a  slit  in  the  top  ot 
the  furnace,  through  which  the  ore  is  charged,  by  means  of  a  revolving 
feeder,  in  a  fine  stream.  Immediately  under  this  slit  there  is  a  three- 
sided  bar,  upon  which  the  finely-crushed  ore  falls  and  then  slides 
down  on  either  side  of  its  inclined  surfaces.  Thus  faftlling,  in  this  man- 
ner, from  one  bar  to  the  other,  its  descent  is  retarded,  and  it  is  kept  for 
a  longer  i)eriod  at  the  roasting  temperature.  When  the  ore  reaches 
the  bottom  of  the  furnace  in  a  roasted  state,  it  is  free  from  sulphur  to 
within  5  to  12  per  cent.  It  was  attempted  to  roast  the  ores  better  by 
building  a  fire-place  in  the  side  of  the  furnace,  but  this  was  soon 
abandoned.  An  important  objection  to  this  is,  that  it  renders  the  roasr- 
ing-gases  valueless  for  the  manufacture  of  sulphuric  acid.  The  roasted 
ore  at  Freiberg,  with  12  per  cent  sulphur,  is  mixed  with  unroasted  ore. 
so  that  a  charge  will  contain  about  20  per  cent,  sulphur,  and  then 
roasted  in  reverberatory  furnaces.  Before  the  ore  is  charged,  the  fomace 
and  fire-clay  bars  must  be  strongly  heated  and  the  ore  well  dried : 
later,  the  ore  burns  of  itself  and  keeps  the  furnace  at  the  required 
temperature. 

84.  Pyritous  ores,  concentrated  and  raw  copper  matte,  (at  Mansfeld. 
and  zinc-blende,  for  the  fabrication  of  sulphuric  acid,  are  the  principal 
ores  and  products  roasted  in  this  furnace.    Ores  rich  in  lead  cannot  be 
roasted  in  this  furnace,  on  account  of  their  agglomeration  on  the  bars 
when  passing  through  the  furnace. 

85.  The  results  of  roasting  vary.  In  Lnka  witz,*  Bohemia,  iron-pyrites, 
containing  35  per  cent,  sulphur,  is  roasted  so  that  it  only  contains  2k 
per  cent,  sulphur  after  leaving  the  furnac3;  at  the  Augusten  Hiitte, 

n  Ben!,*  5  per  cent,  sulphur ;  in  Freiberg,t  blendic  pyritous  slimes  are 
roasted  until  they  carry  but  12  to  13  per  cent,  sulphur.  According  to 
Bode,  blende  can  be  so  roasted  as  to  contain  only  6  per  cent,  sulphur. 
The  advantages  which  this  furnace  possesses  are  numerous  and  valuable, 
particularly  so  where  the  manufacture  of  sulphuric  acid  is  desired.  The 
capacity  of  this  furnace  is  2,500  kilograms  pyritous  slimes,  (Freiberg. 
In  Mansfeld,  about  14.000  kilograms  of  granulated  or  ground  matte 

•Bode.     '' SkhwtfehaHrffabrikatiotr  1^72. 
t  Kast  and  HraDning.     **  Freiberger  Processe.'^ 
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containing  27  per  cent,  sulphur,  is  roasted  in  twenty-four  hours;  50  per 
cent,  of  the  sulphur  is  utilized. 

86.  It  has  already  been  mentioned  that  the  consumption  of  fuel  is 
insignificant.  The  principal  requisite  is  that  the  ore  must  be  in  a  finely- 
j>owdered  state,  and,  further,  the  powder  should  be  as  uniform  in  the 
size  of  its  grains  as  possible.  The  cost  of  crushing  the  ore  should  there- 
fore be  compared  with  the  advantages  which  this  furnace  possesses. 
With  kilns  there  is  the  disadvantage,  that  the  ore  roasting  remains  in 
the  same  position  throughout  the  operation^  and  with  some  other  fur- 
naces (Haseuclever  and  Helbig)  the  air  only  passes  over  a  limited 
surface  of  the  ore ;  but  in  the  Gr^stenhofer,  the  ore  particles  are  contin- 
ually changing  their  position,  and  offering  new  surfaces  to  the  hot  stream 
of  air  ascending  the  shaft  of  the  furnace.  The  economical  and  practi- 
cal results  are  good.  They  have,  however,  been  disputed  at  Freiberg, 
where  ores  carrying  lea  1  are  roasted,  but  as  they  are  believed  to  be  the 
most  desirable  furnaces  known,  new  ones  are  being  constructed.  Com- 
pressed air  is  noD  now  used,  the  natural  draught  being  sufficient. 

87.  The  principal  improvements  have  been  made :  First,  in  decreasing 
the  metallic  volatilization,  by  charging  the  ore  through  one  opening 
only,  and  by  allowing  the  gases  to  escape  through  four  flues  in  the  sides 
or  corners  of  the  furnace.  In  Mansfeld,  the  fumes  are  equal  to  about  5 
per  cent,  of  the  material  treated.  Second,  in  the  arrangement  for 
emptying  the  furnace  of  its  roasted  charge ;  the  best  of  this  kind  is, 
perhaps,  a  box  under  the  receiving-chamber,  in  which  there  is  an  archi- 
medean  screw,  which,  upon  being  revolved,  carries  the  roasted  ore  out 
of  the  furnace,  the  roasting-charge  preventing  the  air  from  entering  or 
escaping.  This  arrangement  has  given  excellent  satisfa<;tion  in  Frei- 
berg, and  has  been  attached  to  all  the  Gerstenhofer  roastingfurnaces 
at  that  place.  The  first  furnace  built  according  to  this  system  was 
erected  in  Freiberg  in  1863.  The  first  Pilz,  or  round-shaft  furnace  with 
widened  top,  was  erected  in  Freiberg,  according  to  a  plan  of  Herrn 
Pilz.  The  success  of  these  principles  caused  a  complete  revolution  in 
the  construction  of  furnaces  in  almost  all  metallurgical  works  where  the 
shaft-furnace  is  employed. 

88.  The  history  of  shaft-furnaces  is  extended  and  complicated.  They 
have  been  at  times  of  very  simple  constniction,  and  then  again  were 
very  complex.  The  principal  variation  has  been  in  the  shape  and 
proportions  of  the  shaft.  At  first  the  shaft  was  made  to  decrease  in 
size  toward  the  top  in  order  to  effect  a  better  utilization  of  the  heat  by 
the  more  perfect  penetration  of  the  ascending  gases  throughout  the 
charge;  second,  diminution  of  loss  by  volatilization,  by  condensing, 
as  it  were,  the  fumes  in  the  narrow  throat  of  the  furnace ;  third,  a  loos- 
ening up  of  the  finelv-crushed  ore  during  its  descent ;  fourth  and  lastly, 
by  means  of  a  largeiismelting-zone  to  spare  the  walls  of  the  furnace,  and 
make  a  larger  production  possible.  The  extreme  of  this  style  of  furnace 
is  to  be  seen  in  Vogel's  method  of  construction. 
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89.  The  following  are  the  latest  conclasions  as  regards  the  shape  of 
the  furaace-shaft :  B3*  wideaing  the  shaft  at  the  top,  the  heat  of  the 
furnace  is  not  so  well  utilized,;  but  by  the  lessening  of  the  velocity 
of  the  ascending  gases  and  descending  charge,  thereby  effected,  the 
reactions  taking  place  between  them  are  more  perfect,  and,  as  the 

f^'^  vX  ascending  gas-stream  moves  slower,  aad  spreads  throughout  the  widen- 
ing shaft,  it  cools  off,  and,  consequently,  a  much  smaller  amount  of  far- 
nace-fumes  are  produced.  The  loosening  up  of  the  finely-crushed  (h%  is 
hereby  lost,  (which  is  at  the  present  day  not  thought  to  be  of  great  con- 
sequence,) but,  on  the  other  hand,  the  tilting  of  the  charge  and  fiiel- 
layers  is  avoided,  as  well  as  the  arrival  of  ore  in  the  smelting-zone  be- 
fore its  due  preparation. 

90.  In  a  small  smelting-zone. the  charge  is  more  perfectly  smelted, 
and,  by  the  increase  of  temperature  hereby  effected,  the  dag  prodoced 
is  much  poorer  in  the  metals ;  hence,  the  iron  water-tuyeres  have,  in 
consequence  of  their  many  important  advantages,  almost  universally 
supplanted  the  old  method  of  smelting  with  ^' noses."  The  sides  of  the 
smelting-zone  are  prevented  from  wearing  away  by  making  use  of  iron 
water-boxes  to  keep  them  cool ;  but  it  is  said  that  the  cooled  smelted 
matter  forms  accretions  on  them  which  destroys  the  boxes,  and  tber 
are  such  excellent  conductors  of  heat  that  it  is  very  warm  for  the  work 
men  when  near  the  furnace. 

91i  A  furnace  with  widening  top  was  first  designed  by  Truran  in 
1856,  for  the  smelting  of  iron-ore. 

92.  Alger  erected,  in  1859,  a  furnace,  elliptical  in  shape  on  the  inside, 
and  having  a  row  of  tuyeres  on  the  opposite  sides ;  the  shaft,  however, 
was  not  wider  at  the  top  than  below.  Both  had  in  view  the-  better 
utilization  of  the  heat  and  increased  production. 

93.  In  1862,  Bachette  made  known  his  method  of  construction.  Tiie 
shaft  is  qnadnlateral  in  £Drm,  and  widens  toward  the  top ;  in  each  ot 
the  longer  sides  there  is  a  row  of  tuyeres,  not  exactly  opposite  to  eacb 
other,  however,  but  alternating ;  and,  in  order  that  the  furnace  may  be 
easily  blown  in  during  the  winter  time,  there  is  a  fire-place  under  the  bed- 
stone, which  connects  with  flues  in  the  mautel-walls  of  the  fhmaei*. 
This  plan  of  construction  was  intended  at  first  for  the  treatment  of  all 
kinds  of  ore,  and  was,  accordingly,  called  the  "  Universal  furnace." 
This  furnace  was  a  great  improvement,  but  it  did  not  completely  answer 
to  all  the  wants  of  metallurgical  methods  of  treatment. 

94.  The  most  natural  and,  at  the  same  time,  now  most  often  employetl 
construction  is  that  of  Pilz's  design.  They  are  round  or  octagonal,  {the 
latter  soon  become  round  on  the  inside  by  the  accretions  formed,)  and 
widen  from  below  upward.  The  tuyeres  were  arranged  about  the  fur- 
nace according  to  Sefstrom's  principle.  At  first  the  shaft  was  made 
octagonal.  From  the  level  of  the  tuyeres  up  to  the  charging-hole,  it 
measured  6.276. meters  diameter 5  at  the  tuyeres,  1.412  meters;  and  at 
the  charging  hole,  2.354  meters.     It  had  eight  water-tuyeres J9^782  meter 
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iu  diameter,  and  was  famished  with  a  faDoel-shaped  chargiQg  appa- 
ratus. The  famace  smoke  and  fiimes  were  conducted  away  by  means 
of  a  canal,  and,  in  order  to  avoid  explosions,  this  was  .made  sufficiently 
large  for  their  free  escape.  The  shaft  was  enveloped  within  a  sheet-iron 
mantle,  which  rested  upon  four  or  eight  hollow  cast-iron  pillars.  The 
hearth  stood  tree ;  the  fumace-cracible  was  composed  of  lH*a8que.  There 
-were  two  cast-iron  slag-spouts,  three  cast-iron  tiip-hearths,  and  also 
several  slag*pots,  for  conveying  the  slag  away. 

95.  Lately,  these  Airnaces  have  been  made  perfectly  cylindrical,  3.84 
meters  high  and  1.726  wide.  The  hearth  is  of  fire-brick,  and  the  charg- 
ing arrangement  done  away  with.  They  are  constructed  either  as  cru- 
cible or  hearth  furnaces,  with  eight,  and  sometime^  nine,  tuyeres,  and 
some  are  famished  with  wrought-iron  water-boxes. 

96.  These  furnaces  are  distinguishable  from  all  others  in  the  following 
particulars,  viz :  they  are  supported  by  iron  pillars,  and  stand  quite 
alone,  requiring  very  little  space ;  irregularitiea  in  the  smelting  can  be 
easily  discovered,  and  access  to  the  smeltiag-zone  is  not  difficult.    In 
-consequence  of  these  advantages,  the  cost  of  patting  the  furnace  in 
readiness  for  smelting  is  small,  and  the  smelting  is  conducted  with  little 
trouble.    They  have  the  form,  (round,)  in  which  the  least  amount  of 
accretions  form  on  the  sides,  and  therefore  allow  of  long-continued  and 
regular  smelting  campaigns.    The  amount  of  fuel  consumed  is  small, 
and  the  production  of  fumes  not  large.    Slag  may  be  produced,  which 
carries  but  a  small  percentage  of  the  metals.  The  reduction  is  complete, 
and  the  temperature  can  be  increased  to  the  point  at  which  the  melted 
masses  react  well  upon  each  other.    Covered  hearths  have  been  built 
immediately  in  front  of  the  furnace,  in  order  to  effect  an  increased 
production.    It  was  intended  that  the  smelted  mass  should  settle  and 
separate  in  this  fore-hearth,  but,  after  repeated  experiments,  they  were 
declared  not  to  be  eftective.     Heated  blast,  experimented  upon  in 
Claustbal  in  1870,  showed  no  advantages,  as  regards  increased  produc- 
tion and  the  forming  of  a  slag  carrying  less  metal,  as  the  saving  of  fuel 
thereby  effected  was  canceled  by  the  consumption  of  bituminous  coal 
necessary  for  heating  the  blast.    In  lead-ore.  smelting,  &c.,  charging- 
hoppers  have  generally  been  done  away  witn,  vm^  the  furnace-top  is 
about  a  foot  above  the  chargiug-floor,  and  the  fumes  are  led  off  from 
the  side. 

97.  At  the  Muldener  Works,  near  Freiberg,  about  30,000  kilograms  ore, 
equal  to  60,000  kilograms  smelting-charge,  are  put  through  in  twenty-four 
hours,  with  6,000  to  7,000  kilograms  of  coke.  At  the  Halsbriickner  Works, 
about  35,000  kilograms  ore,  equal  to  about  50,000  kilograms  smelting- 
charge,  are  put  through  in  twenty-four  hours,  with  5,000  to  5,500  kilograms 
of  coke.  At  the  first-uamed  works,  the  ores  contain  more  zinc  than  those  of 
the  latter,  so  that  in  the  treatment  of  blendic  smelting-charges,  at  least 
100  per  cent,  of  slag  from  the  same  manipulation  is  charged  with  it ;  at 
the  latter  works,  however,  50  per  cent,  is  sufficient.  The  smelting-charge 
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is  SO  made  up  that  quite  a  large  amount  of  matte  is  formed,  relatively 
speaking,  which  serves  at  the  same  time  as  a  solvent  for  the  zinc-sal- 
phide.  The  smelting  campaigns  at  the  Muldeuer  Works  last  from  ten 
to  twenty  weeks,  and  at  the  Halsbriickner  Hiitte  much  longer.  The 
pressure  of  the  blast  at  both  works  is  equal  to  4  centimeters  quicksilver- 
column.  The  very  complicated  process  of  foruier  years  has  of  late 
become  much  'more  simplified.  The  ores  undergo  preliminary  treat- 
ments, which  are  conducted  as  thoroughly  as  possible,  and  accompanied 
by  the  production  of  such  ingredients  as  are  of  disadvantage  in  the 
smelting  operations.  Ores  carrying  such  substances  are  treated  sep- 
arately, and  then  pass  through  a  common  smelting  process.  The  aux- 
iliary operations  have  thereby  become  of  greater  importance,  especially 
the  operation  of  roasting.  The  processes  at  these  works  are  almost  con- 
stantly changing,  and  as  all  the  communications  thereupon  have  been 
more  or  less  imperfect,  a  full  and  detailed  description  .of  the  several 
processes  practiced  at  these  model  metallurgical  works  will  be  given. 
The  processes  at  both  the  Halsbnlckner  and  Muldener  works  are  of  a 
similar  nature.  The  methods  here  described  are  practiced  at  the  latter, 
with  the  exception  of  the  copper- vitriol  process  and  gold  separation, 
which  is  conducted  at  the  Halsbriickner  Works.  In  addition  to  notes, 
use  has  been  made  of  Herrn  Kast  and  Brauning's  communications  to  the 
^^  Preassische  Zeitschrift."  The  description  of  the  silver  extraction 
from  roasted  copper-matte  is  almost  a  reproduction  of  a  portion  of  Herru 
Kuhleman's  communication  to  the  same  paper. 

98.  The  Freibero  metallurgicax  processes. — The  metallurgical 
processes  of  Freiberg  have  for  their  main  object  the  production  of  silver, 
gold,  lead,  bismuth,  zinc,  copper,  vitriol,  &c.  In  addition  to  the  ores 
delivered  by  the  Saxpn  mines  in  and  about  Freiberg,  foreign  and  domestic 
ores  are  purchased  and  treated ;  also  sweepings,  or  dross  containing 
silver,  lead,  copper,  or  gold.  The  sulphur,  present  in  large  quantities 
in  the  greater  part  of  the  ores,  is  made  use  of  as  much  as  possible  for 
the  manufacture  of  sulphuric  acid  ^  some  of  the  ores  also  carry  a  large 
percentage  of  arsenic.  This. is  also  treated  to  advantage  in  the  manu- 
facture of  various  arsenical  products,  such  as  arsenious  acid,  (ratsbane,) 
oripiment,  realgar,  and  metallic  arsenic.  The  silver  contained  in  the 
Freiberg  ores  is  more  or  less  finely  distributed  throughout  the  ore  in 
the  form  of  silver-glance,  stephanite,  tetrahedrite,  polybasite,  and  native 
silver.  The  lead  occurs  almost  exclusively  as  galena.  The  copper  occurs 
as  copper-pyrites,  tetrahedrite,  variegated  copper-ore  and  copper-glance. 
The  greater  part  of  the  Freiberg  ores  contain,  besides  the  metals  already 
mentioned,  unpayable  quantities  of  gold,  bismuth,  cobalt,  and  nickel. 
The  gangue  is  principally  composed  of  calcite,  bitter-spar,  fluorite,  baryte,. 
and  quartz. 

99.  Ores, — All  ores  delivered  at  the  smelting- works  are  divided  into- 
two  classes,  viz,  payable  and  non-payable.  To  the  first  class  belong  all 
ores  that  contain  over  a  specified  amount  of  metal,  and,  to  the  second 
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class,  all  those  tbat  do  not  reach  this  amount.  For  a  full  and  official 
account  of  what  ores  are  purchasable  and  what  are  not;  the  atnounts 
paid  for  ores  containing  various  amounts  of  the  different  metals,  as 
well  as  the  rules  and  regulations  followed  in  the  weighing  and  assaying 
of  the  same,  see  the  translation  of  the  "  Regulativ  fiir  den  Einkauf 
HiichHisclier  Erze  hei  den  Werlcen  der  I'dniglkhen  GeneraUchmelzadmini' 
Htraiion  voni  Quartal  Cruets  1868,"  (regulations  for  the  purchase  of  Saxon 
ores  at  the  works  of  the  Royal  General  Smelting  Administration,  from 
the  Quarterly  Crmis^  1868.)  This  will  be  found  in  the  appendix  of  this 
report,  and,  for  this  reason,  much  pertaining  to  the  manner  of  weighing 
the  ore  when  delivered  at  the  works,  the  rules  followed  in  selecting  the 
assay  samples,  and  carrying  out  the  assays  made  from  them,  can  be 
here  omitted. 

To  the  non<pajing  ores  belong,  1.  Dry  silver-ores  (dilrrerze)  containing 
from  0.01  to  0.04  per  cent.  =  2  oz.,  18  dwt.  4.80  gr.  to  11  oz.  13  dwt. 
4.80  gr.  silver ;  2.  Copper-ores,  not  containing  4.5  per  cent,  of  silver  and 
copper  together ;  3.  Lead-ores,  not  carrying  more  than  15  per  cent,  of 
lead ;  and,  4.  Nickel  and  cobalt  ores.  < 

100.  The  ores  are  classified,  according  to  their  composition,  into  the 
following  nine  classes :  1.  Lead-ores,  a.  Plumbiferous  ores,  h.  Galenas ; 
2.  Copper-ores;  3.  Arsenical  ores;  4.  Zinc-ores;  5.  Sulphur-ores;  6. 
Pyritous  silver  ores ;  7.  Quartzose  pyritous  ores ;  8.  Quartzose  dry 
silver-ores;  and  9.  Spathic  dry  silver-ores.  The  lead-ores  are  all 
argentiferous,  and  compose  about  the  half  of  the  ores  delivered  at  the 
works.  They  are  classified  into  plumbiferous  ores  and  galenas.  Those 
containing  between  15  and  29  per  cent,  lead  belong  to  the  first  class, 
and  those  that  contain  over  30  per  cent,  lead  are  reckoned  in  the  second 
class,  (galenas.)  The  average  percentage  of  lead  contained  in  all  the 
plumbiferous  and  galena  ores  scarcely  amounts  to  40  per  cent.,  and  the 
silver  to  0.15  per  cent.  =  43  oz.  33  dwt.  14.40  gr.  The  copper-ores  are 
also  always  argentiferous ;  they  contain  from  1  to  10  per  cent,  copper, 
and  the  general  average  is  3  per  cent,  at  the  highest.  The  delivery  of 
copper-ores  from  the  Freiberg  mines  is,  comparatively  speaking,  very 
small,  but  at  times  rich  foreign  ores  are  bought.  The  arsenical  ores 
contain  from  10  to  40 percent. arsenic,  viz:  a,  arsenical  ores,  averaging 
35  per  cent,  arsenic ;  &.  arsenical  pyrites,  averaging  15  per  cent,  arsenic 
and  25  x>er  cent,  sulphur;  c.  arsenical  lead-ores,  averaging  13  per  cent, 
arsenic  and  18  to  20  per  cent.  lead.  They  are  delivered  over  to  the 
arsenic  works.  The  zinc-ores,  principally  composed  of  zinc-blende, 
contain  from  30  to  40  per  cent.  zinc.  Lead-ores  carrying  less  than  30 
per  cent,  zinc  are  classed  with  the  plumbiferous  ores.  They  are 
delivered  over  to  the  zinc-works  for  treatment.  All  the  zinc-ores  carry 
more  or  less  silver*  All  Freiberg  ores  that  contain  20  per  cent,  and 
more  of  sulphur  are  classed  with  the  sulphur-ores.  Pyritous  silver- 
ores  are  all  such  as  are  rich  in  silver  and  sulphur,  and  when  they  con- 
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tain  0.20  per  cent.  =58  oz.  6  dwt.  silver,  and  more,  the  sulpbar  is  not 
paid  for.  They  do  not  contain  more  than  1  per  cent,  copper,  or  15  per 
-cent.  zinc.  The  qnartzose  silver-ores  are  poor  in  silver,  and  carry  a 
very  large  percentage  of  silicic  atsid.  By  dry  ores,  (dilrrerzej)  in  general, 
is  understood  all  such  argentiferous  ores  as  do  not  contain  lead  and 
copper  in  payable  amounts.  By  quartzose  dry-silver  ores,  is  to  be 
understood  all  such  as  are  principally  composed  of  quartz,  and  contain 
only  so  much  pyrites  that  they  are  not  capable  of  producing  20  per 
<?«ut.  of  raw  matte  by  smelting.  The  spathic  dry-silver  ores  are  only 
•distinguishable  from  the  quartzose  therein  by  the  associated  gangae 
being  of  a  spathic,  instead  of  silicious,  nature.  The  classification  of  the 
ores  may  be  simplified  as  follows  : 

1.  Lead  ores  : 

a.  Plumbiferous  ores,  with  15  to  29  per  cent,  lead.* 

b.  Galena,  with  more  than  30  per  cent.  lead. 

2.  Pyrites,  chiefly  iron  pyrites,  containing  not  more  than  15  per  cent 
xinc,  and  very  little  arsenic. 

3.  Pyritiferous  ores,  with  15  to  30  per  cent.  zinc. 

4.  Blende,  with  more  than  30  per  cent.  zinc. 

5.  Arsenical  ores,  averaging  35  per  cent,  of  arsenic. 

6.  Arsenical  pyrites,  with  15  per  cent,  arsenic  and  26  to  28  per  cent, 
sulphur. 

7.  Arsenical  lead-ores,  with  12  per  cent,  arsenic,  and  18  to  20  per  cent, 
lead. 

The  ores  are  also  divided  into  stamped,  jigged,  and  washed  ores,  cor- 
responding to  the  manner  in  which  they  were  dressed  at  the  mines. 
Taken  as  a  whole,  they  are  called  slime  ores.  The  distinction  of  lump 
ore  is  also  made ;  it  is  ore  in  pieces  of  about  the  size  of  a  walnut. 

101.  Boasting, — Roasting  has  for  its  object  the  oxidation  of  the  metallic 
sulphides  and  arsenides ;  and  volatilization  of  the  sulphur  and  arsenic 
to  within  a  certain  degree.  The  amount  of  sulphur  contained  in  an 
unroasted  charge  Varies  from  20  to  25  per  cent.,  and  that  of  one  having 
passed  through  this  manipulation  2  to  5  per  cent.  The  pyrites,  when 
in  lump  size,  are  roasted  in  kilns,  but  when  in  a  powdered  condition 
(slimes)  are  roasted  in  Gerstenhofer  furnaces.  Matte  is  roasted  in 
Welluersstalls  and  reverberatory  furnaces,  but  oftener  in  kilns.  Pyri 
tiferous  ores  are  roasted  in  the  Gerstenhofer  furnaces  to  12  per  cent, 
sulphur,  then  in  reverberatory  furnaces ;  and  finally  with  residue  from 
the  zinc  and  coke  in  reverberatory  furnaces.  Arsenical  pyrites  are 
treated  for  realgar,  &c.  The  lead-ores  are  mixed  with  the  roasted  py- 
rites from  the  Gerstenhofer  furnace  and  the  ore  that  has  been  treated 
for  realgar,  when  they  are  roasted  in  reverberatory  furnaces  to  withiu 
2  to  5  per  cent,  sulphur.  The  roasting  of  the  lead-ore  charge  is  con- 
ducted in  long  reverberatory  furnaces,  (Fortschunfelungsofen,)  These 
furnaces  have  two  hearths,  with  the  exception  of  two  at  the  Halsbriick- 
ner  Works,  which  have  only  one  each. 
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102.  The  roasting-foiTDace  with  one  hearth  is  of  the  following  dimen- 
sions :  Length  of  hearth,  48  feet ;  width  of  same,  10  feet ;  thas  giving  a 
roasting  sorface  of  480  square  feet.  A  doable  roasting-fdrnace  has  two 
hearths,  one  over  the  other,  made  of  fire-bricks  or  slabs,  3  inches 
thick.  The  lower  hearth  has  a  length  of  37  teet  6  inches,  and  is  5  feet 
6  inches  wide ;  the  upper  hearth  is  38  feet  6  inches  long  and  6  feet  wide. 
The  distance  from  the  hearth  to  the  highest  point  in  the  arch  over  the 
same  is  21  inches,  with  both  lower  and  upper  hearths.  The  lower 
hearth  connects  immediately  with  the  fireplace  and  is  separated  from 
the  same  by  the  dre-bridge.  A  slit  passes  through  the  fire-bridge, 
formed  by  cast-iron  plates ;  cold  air  constantly  passing  through  this 
aperture  serves  to  keep  the  fire-bridge  somewhat  cooler.  The  distance 
from  grate  to  fire-bridge  is  12  inches :  from  hearth  to  top  of  fire-bridge 
8  inches.  The -grate  is  4  feet  6  inches  long  and  2  feet  wide.  The  fire- 
bridge is  4  feet  G  inches  wide,  and  the  distance  between  it  and  the  arch 
is  11  inches.  Both  hearths  connect  with  each  other  by  means  of  an 
aperture  12  inches  square,  situated  at  the  end  opposite  the  fire-place. 
There  are  eight  working  doors  connecting  with  the  lower  roasting- 
hearth  and  nine  with  the  upper.  The  upper  hearth  has  doors  on  both 
sides,  the  l«s£^ only  on  one.  The  lower  hearth  rests  upon  a  slag-bed,- 
covered  with  a  layer  of  sand  4  inches  thick ;  then  follows  a  6-inch  layer 
of  brick,  and  upon  this  come  the  fire-clay  slabs,  forming  the  hearth.  On 
top  of  the  frirnaee  there  is  a  drying-hearth,  and  in  the  center  of  the 
same  is  the  charging  hole,  through  which  the  roasting  charge  is  allowed 
to  fall '  upon  the  upper  hearth.  The  gases  from  the  roasting  pass  off 
from  the  upper  hearth  through  a  vertically-descending  flue  iuto  the 
main  canal  leading  to  the  chimney.  The  gases  of  combustion,  coming 
from  the  fireplace  in  company  with  the  roasting-fumes,  pass  from  the 
furnace  into  a  vertically-descending  flue,  and  from  here  part  of  them 
pass  into  the  hearth-canal  and  part  into  the  muffle-canal,  or  into  the 
upper  and  lower  condensation-chambers.  Both  of  these  chambers  stand 
in  connection  with  a  stack  150  feet  high.  The  conducting  of  the  fumes 
into  two  separate  condensing-chaiubers  is  necessary,  because,  for  exam- 
ple, if  all  the  gases  were  to  be  first  conducted  iuto  one  chamber  and 
from  there  into  the  other,  they  would  not  be  large  enough  to  hold  them 
all.  In  these  condensing-chambers,  which  are  built  of  brick  dipped  in 
tar,  are  deposited  all  the  condensable  ingredients  contained  in  the  roast- 
ing gases;  these  are,  arsenious  acid,  sulphurous  acid,  zmcoxide,  and 
small  particles  of  ore.  In  thi»  manner  fumes  are  saved  which  are  used  ^ 
in  the  manufacture  of  arsenious  acid.  The  chambers  are  cleaned  out 
four  times  in  the  year,  after  the  furnaces  have  been  burned  out. 

102.  The  fuel  used  in  roasting  is  bituminous  coal,  from  Potc*bappel. 
The  daily  consumption  per  furnace  in  roasting  lead-ore  charged,  amounts 
to  1,800  kilograms ;  in  roasting  matte,  to  800  kilograms. 

103.  Modus  operandi. — Each  hearth  is  charged  with  four  to  six  charges, 
weighing  about  750  kilograms  each ;  when  spread  out  the  charge  is  about 
4  to  5  inches  high.    Every  three  hours,  the  charge  next  to  the  fire-place, 
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and  which  is  in  a  half-melted  condition,  is  removed  from  the  fuTDace 
throngh  a  door  in  the  side  of  the  lower  hearth  and  flows  into  an  iron  car. 
This  door  is  closed  by  an  iron  plate  during  the  roasting  of  the  charge. 
The  space  on  the  hearth  hereby  left  empty  is  now  supplied  with  the 
next  following  charge,  by  shoveling  it  from  its  former  resting-place 
toward  the  fire-bridge.  Through  the  aperture  in  the  top  of  the  furnace, 
a  new  charge  is  allowed  to  fall,  after  all  the  other  charges  in  the  furnace 
have  been  moved  along  one  place.  This  operation  is  repeated  eight 
times  in  twenty-four  hours;  the  furnace  is  accordingly  supplied  with 
6  0odV^>  ^100  "wb.  of  lead-ore  mixture  every  twenty-four  hours.  The  single- 
hearth  furnace,  at  the  HalsbrUckner  Works  holds  five  charges,  of  1,250 
kilograms  each.  Every  three  hours  one  is  removed,  so  that  in  twenty- 
f  (^  0  0 1  ^^^^  hours  ^fid^  kilograms  are  roasted.  The  operation  of  roasting  with- 
out agglomerating  the  charge  is  conducted  in  the  same  manner.  The  ag- 
glomerating roasting  is  only  employed  in  the  roasting  of  lead-ore  mix- 
tures. There  are  three  periods  distinguishable  in  the  process  of  roast- 
ing, viz :  the  commencing  period,  the  desnlphurization  period,  and  the 
dead-roasting  period.  During  the  first  period,  which  takes  place  on  the 
upper  hearth,  the  ore  parts  with  its  moisture.  The  charge  let  on  to  the 
upper  hearth  is  allowed  to  remain  just  as  it  falls,  without  being  spread 
out ;  the  doors  are  kept  closed,  and  it  remains  there  until  the  commence- 
ment of  the  second  period,  which  takes  place  one  and  a  half  hours  later. 
During  the  desnlphurization  period,  sulphur  and  arsenic  are  disengaged, 
and  the  ore  becomes  dark  red.  It  is  now  necessary  to  stir  the  charge 
constantly,  in  order  that  every  part  of  the  same  may  come  in  contact 
with  the  atmospheric  air.  Sulphurous  acid  and  arsenious  acid  are  now 
disengaged  in  voluminous  clouds.  This  period  continues  from  four  to 
five  hours.  During  the  last  three  hours,  the  dead-roasting  is  effected 
and  the  charge  gradually  ceased  to  evolve  any  more  gases.  The  temper- 
ature must  now  be  increased  and  the  charge  well  raked,  in  order  to  free 
it  from  its  last  traces  of  sulphur  and  arsenic.  Each  furnace  is  attended 
by  five  men,  working  twelve-hour  shifts.  The  large  single-hearth  fur- 
nace, however,  is  attended  by  eight  men.  The  roasted  lead-ore  mixture 
is  principally  composed  of  the  metallic  oxide  and  basic  sulphates  of  the 
metals  contained  in  the  charge,  and  contains  per  50  kilograms  0.15  to 
0.20  per  cent.=43  oz.  13  d wt.  14.40  gr.  to  oS  oz.  6  dwt.  of  silver,  30  to  25 
l)er  cent,  lead,  0.5  per  cent,  copper,  S  to  9  per  cent,  zinc,  15  to  20  per 
cent,  silicic  acid,  and  2  to  6  per  cent,  sulphur. 

104.  The  cost  of  roasting  1  cwt.  of  ore  amounts  to  3  silbergroschen 
3  pfennige* ;  the  items  are  as  follows : 

Sgr.  Pi- 

Coal s 1    3 

Wages 1    6 

Repair  of  t^ols 0    6 

3    3 

•  A  silbtrffroi^chtH  is  equal  to  about '2^  cents,  aud  there  are  I2jt/ennige  Id  a  groecheD. 
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105.  If  a  comparison  be  now  made  between  the  furnace  with  doable 
hearth  and  that  with  one  only,  the  latter  has  the  advantage  of  greater  sim- 
plicity and  has  less  need  of  repairs,  and,  furthermore, 'is  not  inferior  to 
the  former,  as  &r  as  can  be  judged  at  the  present  time,  in  the  consump- 
tion of  coal,  labor  of  manipulation,  and  degree  of  roasting.  The  offi- 
cials at  the  Muldener  Works  have  expressed  the  above  opinion,  but  they 
also,  in  opposition  to  this  view,  commenced  a  new  double-hearth  furnace 
in  the  spring  of  1873,  which  was  finished  in  the  following  fall.  I  think, 
were  reliable  data  to  be  had,  that  a  considerable  saving  of  fuel  would  be 
proven. 

106.  It  is  only  the  American  ores  that  are  roasted  in  heaps  or  stalls. 
By  roasting  in  heaps,  the  lump  ore  or  product  is  mixed  with  coke  and  piled 
upon  a  thin  layer  of  wood  and  shavings  in  the  form  of  a  truncated  pyr- 
amid. In  the  center  of  this  heap  there  is  a  chimney  8  feet  high  and  1 
foot  6  inches  wide,  inside  measurement.  This  chimney  is  perforated  on 
all  sides,  ap  as  high  as  the  roasting-heap  is  piled  around  it,  and  i8 
built  of  brick.  In  order  that  the  heap  may  take  fire  more  easily,  there 
are  four  canals  left  at  the  base,  branching  out  at  right  angles  from  the 
four  sides  of  the  chimney,  and  the  whole  heap  is  covered  with  fine  coke, 
thus  causing  all  the  gases  to  find  their  way  out  through  the  chimney. 
Such  a  heap  generally  receives  three  fires,  or,  in  other  words,  it  is 
roasted  three  times.  During  the  first  fire,  it  burns  for  about  four  weeks ; 
daring  the  second,  three;  and  during  the  third,  two  weeks.  For  the  first 
fire  If  klafter  (1  klafter  =  108  cubic  feet)  wood  and  8  scheftel  (1  scheffel  = 
1^  cubic  feet)  coke  are  necessary,  and,  after  this,  f  klafter  wood  and  16 
schefiel  coke  are  consumed  in  the  roasting  of  5,000  kilograms  of  ore 
or  product.  This  operation  is,  at  the  present  time,  only  carried  out 
daring  the  winter  months,  during  which  lime  the  gases  do  not  affect  the 
surrounding  fields  so  injuriously. 

107.  The  roasting  in  double  Wellner  stalls  is  cheaper,  but  consumes 
more  time  than  Toasting  in  kilns  where  coal  takes  the  place  of  wood  for 
fuel.  This  style  of  roasting-stall  is  32  feet  long  and  16  feet  wide,  inside 
measurement,  and  is  surrounded  by  walls  of  slag-stone  7  to  8  feet  high. 
In  one  of  the  longer  sides  (front)  there  are  eight  fire-places,  four  to  each 
stall,  standing  6  inches  apart  and  all  furnished  with  iron  grates.  The 
floor  of  the  stalls  rises  3  feet  in  its  total  length,  rests  upon  crushed 
slag,  and  is  built  of  slag-stone.  Residues  from  the  arsenical  works  and 
lead-matte  are  roasted  in  the  double  stalls.  Both  of  these  products 
have  been  previously  roasted  in  kilns  for  the  purpose  of  utilizing  the 
greater  amount  of  their  sulphur  for  the  manufacture  of  sulphuric  acid ; 
the}'  consequently  only  require  one  fire  in  the  stalls  to  reduce  their  per- 
centage of  sulphur  down  to  4  or  6  per  cent.  Lately  these  products 
have  been  delivered  over  to  the  operation  of  ore-smelting,  just  as  they 
came  from  the  kiln,  without  further  treatment  in  the  stalls.  Lead- 
matte  containing  over  20  per  cent,  lead  cannot  be  roasted  to  advantage 
in  kilns  for  the  manufacture  of  sulphuric  acid,  and  is,  therefore,  roasted 
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direcUy  in  the  stalls,  where  it  is  roasted  in  from  two  to  three  fires.  The 
roasting-heaps  in  this  case  are  never  made  to  contain  over  25,000  kilo- 
grams in  order '  to  avoid  their  agglomerating.  In  charging  a  stall, 
a  thin  layer  of  shavings  is  strewn  on  the  floor,  and  on  top  of  this  is 
given  another  thin  layer  of  fine  coke.  The  pi^act  to  be  roasted  is 
heaped  on  the  fire  in  the  form  of  a  pyramid  and  the  snr&ee  covered 
with  fine  coke.  A  stall  holds  from  abont  45,000  to  00,000  kilograms. 
The  grate-bars  are  now  placed  within  the  fire-places,  a  fire  is  made,  with 
bitaminous  coal,  and  kept  up  until  the  heap  bams  of  its  own  accord. 
This  takes  from  six,  to  eight  hours,  and  one  scheffel  of  coal  is  thereby 
consumed.  After  the  completion  of  the  roasting,  the  heap  is  torn  dowu, 
and  the  properly-roasted  lamps  are  separated  from  that  which  is  not 
thoroughly  roasted.  That  which  is  properly  roasted  is  distinguished 
by  its  porosity,  blackish,  and  earthy  appearance.  The  imperfectly 
roasted  is  generally  melt<ed  together  in  lumps,  and  these  lumps  are 
broken  up  and  roasted  over  again.  Aft^  having  received  from  two  to 
three  fires,  this  product  generally  contains  from  4  to  6  per  cent,  solphur, 
which  is  present  principally  in  the  form  of  sulphnric  acid,'  in  combina- 
tion with  the  metallic  oxides  of  iron,  zinc,  copper,  and  lead.  The  toast* 
iug-gases  escape,  through  the  perforated  back  wall  of  the  stalls,  into  a 
caual,  where  they  are  partially  condensed,  and  from  here  the  remainder 
pass  off  into  a  chimney.  About  15  cwt.  of  coke  and  20  scheffel*  of  bita- 
minous coal  are  consumed  in  roasting  1,000  cwt.  of  lead-matte,  whidi  has 
already  been  roasted  once  in  the  kiln ;  2  sdieffel  of  coke  and  20  scheflel 
of  bituminous  coal  are  consumed  in  roasting  1,000  cwt.  of  roasted  resi- 
dues; 2  scheffel  coke  and  1  scheffel  bituminous  coal  are  required  for 
roasting  500  cwt.  of  copper  and  rich  lead-matte,  but  in  the  second  fire 
10  scheffel  of  coke  and  2  scheffel  of  coal  are  consumed  in  roasting  the 
same  product 

108.  The  manufactube  op  sulphubic  acid. — The  ores  and  metal- 
lurgical products  treated  for  the  manufacture  of  sulphuric  add  art* 
the  following :  Lead-matte,  not  containing  over  20  per  cent,  lead  and 
20  per  cent,  copper;  blendic  pyritous,  dry  silver-ores  poor  in  silver, 
and  non-payable  ores  when  containing  20  per  cent  of  sulphur  or 
more ;  plumbiferous  ores,  containing  20  per  cent,  of  sulphur  and  over, 
but  with  less  than  25  per  cent,  lead  ;  residues  from  the  arsenical  work5 
that  contain  from  20  to  30  per  cent,  sulphur. 

109.  The  ores  and  products  are  roasted  in  kilns  and  in  Gerstenhofer 
furnaces.  All  residues  from  the  arsenical  works,  lump  pyrites,  and 
broken  lead-matte  are  roasted  in  an  English  shaft  roasting  furnace  or 
kiln.  The  general  shape  of  the  shaft  is  similar  to  the  shaft  of  an  iron 
blast-furnace.  There  are  two  kinds,  the  one  larger  than  the  other.  The 
larger  kilns,  3.14  meters  high,  3.14  by  1.5  meters  wide,  are  used  for 
roasting  substances  comparatively  poor  in  sulphur,  viz,  lead-matte 
and  residues  from  the  arsenical  works;  the  smaller,  3.14  meters  high 

*1  scbeffel=iyo  pounds  or  >o  kilograms. 
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aud  2.20  by  1*57  meters  wide,  for  lamp  pyrites.    On  the  froat  side^ 
there  are  a  namber  of  working-doors,  which  are  used  for  getting  at  the 
charge,  with  iron  bars,  in  order  to  free  the  sides  of  the  faroace  from 
any  accretions  of  melted  matter  which  may  have  formed  thereon.    On 
the  top  of  the  kilns  are  charging-holes.    When  a  kiln  is  to  be  set  in 
work,  the  shaft  is  filled,  for  about  two-thirds  of  the  way  up  to  the  top, 
with  lump-pyrites  thait  have  been  roaated ;  a  strong  fire  is  then  made  on 
top  of  this,  and  when  the  furnace  has  become  red -hot,  the  roasting-charge 
is  added.    This  soon  begins  to  burn  of  itself,  and  keeps  the  furnace  at 
the  desired  temperature  without  farther  addition  of  fuel.    After  several 
hoars  the  roasted  ore  is  hauled  oat  of  the  furnace,  through  the  lower 
working-door,  and  a  new  quantity  added.    About  1,000  kilograms  of 
matte  or  750  kilograms  of  ore  compose  a  eharge,  and  about  twelve  hours 
are  necessary  in  roasting  it.    In  charing  the  kilns,  the  ore,  or  matte,  is 
equally  distributed  over  the  whole  section  of  the  shaft.    The  G>ersten- 
hofer  furnaces  have  already  been  considered.    Their  capacity  is  about 
2,500  kilograms  of  pyritous  slimes  in  twenty-four  hours.    The  gases  pass 
from  the  furnaces  into  the  condensation-chamber,  and  from  there  directly 
into  the  lead-chambers  for  the  manufacture  of  sulphuric  add.    The  sys- 
tem of  condensation-chambers  is  very  extensive.    This  is  necessary,  as 
all  the  pyrites,  without  exception,  contain  arsenic.    There  are  two  sepa- 
rate systems  of  condensation-chambers  lor  the  kilns  and  Gerstenhofer 
furnaces,  as  the  ores  roasted  in  them  are  not  exactly  alike,  and  also  for 
the  reason  of  the  large  number  of  furnaces  employed.    The  amount  of 
sulphurous  acid  contained  in  the  gases  from  the  Gerstenhofer  furnaces 
is  equal  to  6  or  7  per  cent,  of  their  volume ;  the  remainder  is  arseni/)us 
acid  and  unaltered  atmospheric  air. 

110.  Before  the  Gerstenhofer  roasting-furnaces  came  into  use,  the  so- 
called  ^<  Stockel"  roasting  was  employed  at  the  Freiberg  smelting-works 
for  the  roasting  of  pyritous  slimes ;  that  is  to  say,  the  pyritous  slimes 
were  mixed  with  clay,  and  out  of  this  mixture  balls  were  made,  and 
then  charged  ioto  the  kilns  and  roasted.    This  has  been  done  away  with 
altogether  at  the  Muldener  Works,  and  is  only  conducted  on  a  limited 
scale  at  the  HalsbrUckner  Works.    By  the  employment  of  this  method, 
pyritous  slimes  can  be  treated,  which  contain  so  much  lead  that  it 
would  be  impossible  to  roast  them  in  Gerstenhofer  furnaces,  as  they 
would  agglomerate.    The  slimes  are  mixed  with  5  per  cent,  of  clay,  and 
made  into  balls.    This  small  quantity,  however,  would  not  be  sufficient, 
if  the  clay  were  not  given  more  consistency,  by  the  addition  of  the  acidu- 
lated mother-liquid  from  the  copper-extraction  process;    In  dissolving 
the  argentiferous  copper-matte,  the  mother-liquid  seemed  to  contain  a 
considerable  quantity  of  iron,  so  that  the  operation  cannot  be  repeated 
so  often,  as  is  possible  in  dissolving  the  argeutiferous  copper.    The  em- 
ployment of  this  solution  for  the  forming  of  roasting-balls  (Stockel)  met 
a  want  greatly  felt,  and  also  made  the  solution  of  some  value.    The 
solution  must  be  made  still  more  acid  with  the  addition  of  sulphuric 
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acid,  so  that  the  clay  will  be  partially  dissolved,  in  order  to  make  the 
roasting-balls  durable.  The  balls  are  well  dried  by  the  waste  heat  of 
several  apparatuses;  and  they  then  roast  very  well  in  kilns  to  within 
7  or  8  per  cent,  sulphur,  and  are  roasted  further  in  stalls  only  in  ex- 
ceptional cases.  Although  at  the  Halsbnickner  Works  there  is  plenty 
of  boy  labor  to  be  had  for  carrying  out  the  work  of  making  the  roast- 
ing-balls, still  it  costs  2^  silbergroschen  to  make  a  hnndred  weigh  tor  50 
kilograms.  The  condensation  canals,  in  which  the  gases  from  the  kilos 
and  Gerstenhofer  farnaces  circulate,  are  of  considerable  length,  as  it  is 
of  importance  to  free  the  gases,  as  far  as  possible,  from  the  arsenioos 
acid  before  entering  the  sulphuric  acid  chambers. 

111.  The  canals  are  constructed  of  bricks  dipped  in  tar ;  these  with- 
stand the  effects  of  the  sulphurous  acid  better  than  common  bricks. 
The  condensing-chambers  are  covered  on  top  with  iron  plates,  because 
they  help  to  cool  the  gases  off;  also  because  an  arch  of  masonry  would 
not  last  long  under  the  influence  of  the  acid  gases.  Snbterraneaa 
canal  connections  are  avoided  as  far  as  possible,  the  draught  being 
effected  thereby ;  also  because  the  moisture  absorbs  the  snlphurons  acid 
and  destroys  the  masonry. 

112.  Lead-chambers  are  used  for  the  condensation  of  the  roasting- 
gases.  The  gases,  however,  do  not  enter  these  chambers  until  they 
have  circulated  through  the  ordinary  canals.  The  lead-chambers  are 
very  serviceable  in  cooling  off  the  gases.  The  gases  enter  the  sulphurif- 
acid  chambers  perfectly  cool  by  means  of  the  arrangements  above  de- 
scribed. The  lead-chambers,  in  which  the  sulphuric  acid  is  made,  are 
large  parallelo-pipedorical  compartments,  surrounded  on  all  sides  with 
sheet-lead,  which  is  supported  by  a  strong  frame-work  of  timber.  A 
system  consists  of  a  fore-chamber  and  a  roof-chamber.  All  the  cham- 
bers are  connected  with  each  other  by  large  pipes.  The  formation  of 
the  acid  takes  place  in  the  main  chamber,  and  the  sole  object  of  the 
roof-chamber  is  to  condense  the  sulphuric-acid  vapors.  According  to 
the  new  system,  the  fore  chamber  is  connected  with  the  first  main  cham- 
ber thereby,  and  this  is  furnished  with  a  partition-wall  on  one  of  the 
shorter  sides,  where  the  gases  enter.  This  partition  reaches  nearly  to 
the  floor.  Formerly  the  nitric  acid  was  conducted  into  the  fore  cham- 
ber. At  present,  however,  it  is  led  into  the  main  chamber,  where  it 
flows  over  a  number  of  large  earthen  dishes,  so  placed  inside  of  each 
other  as  to  form  a  sort  of  terrace.  Steam  is  led  into  each  of  the  main 
chambers  from  the  roof,  and  condenses  on  entering  the  chambers,  fall- 
ing to  the  bottom  as  fine  rain. 

113.  The  nitric  acid  is  produced  from  soda-saltpeter  by  treating  it 
with  sulphuric  acid.  The  nitric  acid  set  free  is  collected  in  a  row 
of  flasks.  The  decomposition  of  the  saltpeter  is  conducted  in  a  cast- 
iron  cylinder,  or,  better,  in  a  kettle  of  the  same  material,  under  which 
a  low  fire  is  kept  up  on  the  grate  in  the  fire-place.  A  charge  con- 
sists of  one  hundred  and  fifteen  kilograms  of  sulphuric  acid,  and  one 
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liaDdred  and  tweDty-five  kilograms  of  saltpeter.  After  two  days  the 
bisulpbate  of  soda  formed  is  removed  from  the  kettle  and  the  process 
commenced  over  again.  The  salphnric  acid  is  poared  into  the  kettle 
through  a  lead  fnnnel.  In  the  first  flasks,  which  are  emptied  by  means 
of  siphons,  there  is  45^  to  50^  acid.  In  the  last,  however,  nitric  acid  of 
only  15^  is  generated.  By  mixing,  an  acid  of  36^  is  obtained.  Sixty- 
two  kilograms  of  nitric  acid  are  obtained  from  fifty  kilograms  of  salt- 
peter, and  forty-seven  kilograms  of  sulphate  of  soda  as  a  by-prodact. 

114.  A  Oay-Lussac  apparatnsisusedfor  saving  the  nitrons  and  nitric 
acids,  which  pass  out  from  the  chambers.  This  apparatus  consists  of  a 
lead  tower  filled  with  coke,  in  which  the  nitrous  acid  is  absorbed  by  sul- 
X)huric  acid.  The  distribution  of  60^  sulphuric  acid  over  the  coke-tower 
is  effected  partly  by  a  small  turbine  and  partly  by  numerous  stop-cocks. 
The  former  seems  to  do  its  work  more  effectually  when  it  is  given  a 
little  attention.  Thirty  kilograms  of  acid  of  60^  B.  is  consumed  in  sup- 
plying the  Gay-Lussac  apparatus  per  fifty  kilograms  of  acid  of  6(P  B. 
produced.  The  acid  necessary  for  feeding  this  apparatus  is  concen- 
trated, without  previous  precipitation,  in  a  compartment  underneath 
the  lead-chambers.  The  sulphuric  acid,  with  its  absorbed  nitrous  acid, 
flows  out  of  the  Gay-Lussac  apparatus  into  a  boiling-apparatus.  It  is 
reduced  to  50^  with  water  and  then  heated;  the  nitrous  acid  is  thereby 
expelled  and  conducted  back  to  the  lead-chamber.  The  sulphuric  acid 
is  then  allowed  to  flow  through  pipes  into  the  precipitation  house,  where 
it  is  freed  from  its  impurities.  In  consequence  of  this  arrangement  the 
production  of  acid  can  be  eflected  with  a  great  saving  in  nitric  acid. 

115.  The  acid  which  condensers  in  the  lead-chamber  and  collects  on 
the  bottom,  should  not  be  stronger  than  48^  to50o  B.  (Specific  gravity 
l-#5.)  It  is  tapped  off  from  time  to  time  into  tanks.  There  are  drop- 
ping arrangements  on  the  sides  of  the  chambers  by  which  the  process 
of  the  formation  of  the  acid  in  the  chambers  can  be  watched  and  the 
quantity  of  nitric  acid  and  steam  entering  the  chambers  regulated.  If, 
for  example,  the  acid  is  stronger  than  50^  B.,  more  steam  is  allowed 
to  enter  the  chambers ;  if  it  is  less,  more  nitric  acid.  The  level  of  the 
acid  in  the  chambers  is  determined  by  fioats. 

116.  A  chamber-system  of  9,400  cubic  feet  capacity,  can  produce  daily 
from  3,500  to  4,000  kilograms  of  sulphuric  acid  of  66^  B.,  with  a  con- 
samption  of  75  kilograms  of  nitric  acid.  A  system  of  100,000  cubic  feet 
can  produce  daily  5,000  kilograms  acid  with  100  kilograms  of  nitric 

'  acid. 

117.  There  are  three  systems  at  the  "  Muldeuer  Hiitte,"  one  of  9,400 
cabic  feet  capacity,  one  of  134,000,  and  one  of  160,000.  The  first  system 
is  provided  with  sulphurous  acid  by  the  kilns,  the  others  by  Gersten- 
hofer  furnaces.  The  normal  working  of  the  process  is  known  by  the 
vrarmth  of  the  chamber-walls,  by  dropping  of  the  acid  in  the  drop- 
apparatus,  and  by  the  brown  color  of  the  escaping  nitric  and  nitrous 
acids.    There  are  two  windows  in  the  roof-chamber  at  its  end,  for  the 

4m 
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purpose  of  observiug  the  color  of  these  gases.    If  the  gases  appear  i)ale 
yellow,  there  is  a  lack  of  Ditric  acid  in  the  chambers. 

1.18.  Purifying  the  chamher-acid, — This  is  accomplished  by  precipitating 
the  arsenic  with  sulphuretted  hydrogen.  The  sulphuretted  hydrogen  is 
produced  &om  a  raw  matte,  free  from  zinc,  which  is  obtained  by  smelting 
raw  lump-pyrites,  free  from  all  blende,  with  a  flux  of  slag.  This  matte, 
principally  composed  of  protosulphide  of  iron,  is  broken  up  into  small 
pieces,  and  treated  with  diluted  sulphuric  acid  in  a  box-shaped  geo- 
erating- apparatus.  The  apparatus  consists  of  two  wooden  boxes,  lined 
with  sheet-lead,  which  communicate  with  each  other  by  means  of  a  lead 
pipe.  There  is  a  lead  sieve,  supported'by  bricks,  several  inches  above 
the  bottom  of  one  of  the  boxes,  which  serves  as  a  canal  for  the  iron  vitriol 
solution  formed.  The  iron-matte  is  placed  upon  the  lead  sieve  in  quan- 
tities of  3,500  to  4,000  kilograms.  The  sulphuretted  hydrogen  is  dis. 
engaged  by  sulphuric  acid  dripping  on  the  matte  through  a  W-shaped 
pipe,  leading  from  the  other  box.  If  sulphuretted  hydrogen  should  be 
evolved  in  too  great  quantities,  the  pressure  produced  by  the  same 
would  force  the  sulphuric  acid  and  iron  vitriol  solution  into  the  neigh- 
boring box.  The  gas  passes  from  thegenerating-apparatus  into  a  wash- 
ing-apparatus, which  is  provided  with  two  small  windows,  for  the  pur- 
pose of  observing  the  generation  of  the  gas.  The  residue  from  the 
iron-matte  is  removed  from  the  geuerating-apparatus  after  four  or  six 
weeks,  and  is  delivered  over  to  the  ore-smelting  operations,  as  it  con- 
tains 0.10  per  cent.  =  29  oz.  2  dwt.  silver  and  3  per  cent,  copper.  The 
iron  vitriol  solution  is  28^  strong.  It  is  evaporated  in  lead  pans  until 
it  reaches  40<^,  and  is  then  brought  into  crystallizing- vessels,  when;in 
the  iron  vitriol  crystallizes  on  lead  strips  hung  in  the  solution.  The 
crystals  are  broken  from  the  lead  strips,  dried,  and  are  then  ready  for 
market. 

The  sulphuretted  hydrogen  gas,  after  passing  through  the  washing- 
apparatus,  enters  the  precipitation-tower.  This  is  a  chamber  having  the 
shape  of  a  shaft,  with  a  rectangular  horizontal  Section,  the  walls  of 
which  are  of  8hee^lead.  The  whole  compartment  is  fllled  with  hori- 
zontal bars,  having  the  shape  of  a  pointed  roof,  the  side  edges  of  which 
are  cut  out  like  a  saw.  These  beams  are  arranged  in  rows,  alongside 
and  over  each  other,  and  in  such  a  manner  that  the  alternating  rows 
consist  of  eight  and  nine  bars.  The  sulphuric  acid,  when  led  into  this 
precipitation-tower  from  the  top  falls  to  the  bottom  in  the  form  of  fine 
rain ;  it  falls  from  one  bar  to  the  other,  and  drips  from  off  the  saw-like 
edges.  The  sulphuretted  hydrogen  gas  is  conducted  into  the  tower  from 
below.  By  means  of  this  apparatus  an  almost  complete  precipitation 
of  the  arsenic  contained  in  the  sulphuric  acid  is  effected.  The  tower 
is  fed  with  the  sulphuric  acid  by  means  of  tilting  troughs,  from  which 
it  flows  into  the  tower  through  a  lead  sieve.  The  acid,  on  leaving  the 
tower,  flows  into  settling-tanks,  wherein  the  precipitate  of  sulphide  of 
arsenic  gradually  sinks  to  the  bottom.    In  case  the  acid  should  not  be 
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pure  enough,  it  is  forced  up  again  over  the  precipitation  tower  by  means 
of  an  air-condensing  apparatus ;  generally,  however,  this  is  not  the  case. 
The  sulphide  of  arsenic  is  placed  in  filtering-boxes  lined  with  sheet-lead; 
here  the  acid  drains  off.  It  is  then  placed  in  another  box,  which  has  a 
sand  filterer  in  the  bottom.  It  is  then  delivered  over  to  the  arsenical 
works  for  further  treatment. 

119.  The  evaporation  of  the  purified  oAsid, — ^This  operation  is  conducted 
in  lead  pans,  of  which  there  are  generally  four  or  six,  so  placed  over  one 
another  as  to  form  a  kind  of  terrace.  Each  pan  is  provided  with  a  spout, 
through  which  the  acid  can  flow.  The  pans  are  very  shallow,  from  12 
to  15  inches  deep,  in  order  that  the  evaporation  may  progress  with 
rapidity.  The  acid  is  evaporated  until  it  reaches  60o  B. ;  stronger  acid 
would  afiiect  the  lead  pans.  The  specific  gravity  of  this  acid  is  1.7,  and 
contains  79  per  cent,  of  66^  B.  sulphuric  acid.  The  pan  nearest  the 
fire-place  is  placed  upon  an  iron  plate.  The  acid  to  be  concentrated  is 
allowed  to  flow  into  the  pan  farthest  from  the  fire-place,  which  is  least 
under  the  influence  of  the  heat,  and  gradually  flows  into  the  one  nearest 
the  fire.  The  acid  va'iK>rs  from  the  pans  escape  into  the  atmosphere. 
The  operation  is  continual. 

120.  The  further  concentration  to  66^  B.  is  conducted  in  platinum 
retorts,  of  which  there  are  two  at  the  Muldener  Hiitte.    One  of  these 

has  a  capacity  of  9^000  kilograms,  the  other,  of  MpWO  kilograms,.  _TL^^^ '  ^^' 
60O  B.  sulphuric  acid  is  brought  into  the  platinum-retort  directly  from 
the  last  pan,  by  means  of  a  siphon.  The  retort  stands  over  a  fire-place 
with  terrace-grate.  Bituminous  coal  is  employed  as  fuel.  The  acid- 
water  vapors  pass  off  from  the  retort  through  a  platinum-pipe  into  a 
spiral  pipe  of  lead,  which  is  situated  in  a  cooling-box,  filled  with  water. 
The  vapors  are  hereby  condensed,  and  acid  is  obtained  of  25^  B.,  which 
is  forced  into  the  first  evaporating  pan  by  means  of  a  small  force-pump, 
worked  by  hand.  The  acid  remaining  in  the  platinum-retort  is  concen- 
trated to  66<^  B.,  and  settles  to  the  bottom  by  reason  of  its  high  specific 
gravity.  It  is  continually  withdrawn  from  the  retort  by  means  of  a 
siphon  of  platinum,  which  passes  through  a  Liebig  cooling-apparatus. 
The  concentrated  acid  flows  into  settling-vessels,  from  which  it  is  filled 
into  glass  balloons.  The  concentrated  sulphuric  acid  is  oily,  has  a  spe- 
cific gravity  of  1.8,  contains  81  per  cent,  of  anhydrate  sulphuric  acid, 
and  is  of  the  color  of  water.  In  filling  the  balloons  organic  substances 
give  it  a  brown  color. 

121.  The  manupacture  of  arsenical  products.— These  products 

are: 

1.  Arsenions  acid. 

la.  Arsenical  glass. 

2.  Sulpho-arsenics. 
2a.  Oripiment 

2ft.  Bealgar. 

3.  Metallic  arsenic. 

The  ores  treated  for  the  manufacture  of  these  products  are,  arsenical 
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pyrites,  arsenical  lead-ores,  aad  pyritoas  ores  containiDg  arsenic.  They 
contain  between  10  and  40  per  cent,  arsenic.  Besides  these,  the  arsen- 
ical fumes,  from  the  operations  of  roasting,  collected  in  the  condensa- 
tion-chambers, are  treated. 

122.  Prjoduotion  of  arsenious  acid, — ^This  is  produed  by  the  roasting  of 
arsenical  oreswhich  contain  but  a  small  amount  of  iron  pyrites.  The  prin- 
cipal ores  treated  are  arsenical  ores  and  arsenical  lead-ores.  The  opera- 
tion iscondncted  inan  arsenic  sublimation  furnace  which  has  a  gas-gener- 
ator attached.  Each  furnace  stands  in  connection  with  a  canal,  built  of 
brick,  wherein  the  arsenious  acid  collects.  The  length  of  the  canal  is 
about  800  feet.  The  hearths  of  these  reverberatory  furnaces  are  14  feet 
long  and  10  feet  wide;  on  either  side  are  two  working  doors.  The  grate  is 
situated  about  6  feet  below  the  fire-bridge,  and  is  filled  with  coke  up  to 
the  top  of  the  latter.  The  gases  are  ignited  by  means  of  atmospheric  air, 
which  enters thefurnace  through  special  canals.  With  thlssimple  furnace 
an  arsenious  acid  is  produced,  which  is  perfectly  white  and  free  from  all 
particles  of  carbon  or  coal-ash.  A  charge  consists  of  1,200  kilogram!^. 
As  the  escape  of  ore,  in  the  form  of  fine  dust,  cannot  be  avoided 
during  the  charging  of  the  furnace  and  working  the  charge,  the  arse- 
nious acid  canal  is  kept  closed  by  means  of  a  damper  while  these  opera- 
tions are  being  carried  out,  and  the  fine  particles  of  ore  escape  from  the 
furnace  into  the  atmosphere  through  a  special  chimney  constructed  for 
that  purpose.  A  charge  is  roasted  in  eight  hours,  and  6  scheffel* 
of  coke  are  consumed.  The  roasted  ore,  containing  not  more  than  from 
1  to  2  per  cent,  arsenic,  is  subjected  to  the  operation  of  ore-smeltiog, 
as  it  contains  silver  and  lead.  The  arsenious  acid  is  sublimed  in 
the  same  furnace.  A  charge  consists  of  600  kilograms,  and  it  is  sab- 
limed  in  six  hours ;  whereby  from  85  to  87  per  cent,  of  the  arsenic  con- 
tained therein  is  obtained.    It  is  sold  in  this  state  as  arsenious  acid. 

123.  Production  of' white  arsenical  glass, — ^The  arsenical  ores  give  but 
a  small  amount  of  the  material  used  for  the  manufacture  of  white  arsen. 
ical  glass,  and  are  neither  fitted  for  the  production  of  realgar  nor  metallic 
arsenic.  They  contain  from  18  to  20  per  cent,  lead  and  12  per  cent,  arsenic. 
The  greater  part  of  the  salable  white  arsenic  is  obtained  from  the  fumes  of 
the  dust-roasting  furnace,  (G-ersteuhofer's,)  kilns,  and  long  reverberatory 
roasting-furnaces,  part  of  which  contains  75  per  cent,  of  arsenious  acid. 
The  fumes  from  the  blast-furnaces,  on  the  other  hand,  are  too  poor  in 
arsenious  acid  to  be  used,  and  therefore  are  put  through  these  furnaces 
again.  This  is  also  done  with  the  fumes  which  settle  in  the  canals  near 
the  roasting-furnaces;  they  onlj'  contain  a  small  amount  of  arsenioas 
acid,  but  a  large  amount  of  arseniate  salts  and  arsenic  acid.  In  that 
part  of' the  canals  farthest  removed  from  the  furnaces,  the  fumes  are 
colored  a  light  red  by  the  easily  volatilized  selenium,  and  produce  a  yel- 
low glass,  but  after  it  has  become  hard  and  porcelain  like,  by  lying  for 
some  time,  it  loses  its  color. 

124.  White  arsenical  glass  is  arsenious  acid  which  has  been  melted; 


Scheffel,  a  sack,  a  bashel. 
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it  forms  a  homogeneoas  mass,  has  a  vitreoas  luster,  and  is  either  trans- 
parent or  milk-white.  Its  method  of  manufacture  rests  upon  the  fact 
that  arsenious  acid  volatilizes  before  it  fuses.  The  arsenious  acid  is 
heated  in  cast-iron  pots,  which  are  covered  with  sheet-iron  hoods.  The 
pots  are  23  inches  in  diameter  and  20  inches  deep.  The  hoods  are  6  feet 
8  inches  high }  the  height  of  the  cylindrical  part  is  3  feet  4  inches  and  2 
feet  wide ;  the  height  of  the  conical-shaped  part  is  20  inches,  and  the  upper 
width  6  inches.  Connecting  with  the  hood  is  a  6inch  pipe,  which  passes 
into  the  condensation  chambers.  The  pots  stand  from  60  to  70  charges.* 
Iron  containing  but  little  graphite  has  been  found  to  be  the  most 
suitable,  as  that  which  contains  much  of  this  substance  is  not  so  durable, 
and  also  gives  the  arsenical  glass  a  dark  color.  This  is  explained  by 
the  fact  that  the  graphite  reduces  the  arsenious  acid  to  the  suboxide. 
Five  pots  make  a  system,  and  there  are  two  systems  opposite  each  o.ther 
There  is  one  workman  to  each  row  of  pots. 

125.  Manipulation. — ^At  6  o'clock  in  the  morning  the  pots  are  charged  with 
arsenious  acid,  the  hoods  placed  in  position  and  cemented  air-tight  on  to 
the  pots,  and  the  fires  are  then  started  and  kept  up  for  six  hours.  Th  e 
temperature  must  be  so  regulated  that  water  sprinkled  upon  the  lower  part 
of  the  hood  turns  into  vapor  immediately,  but  should  volatilize  slowly 
when  sprinkled  on  the  upper  part.  In  order  to  watch  the  progress  of  the 
operation  the  pipe  connecting  with  the  hood  does  not  fit  tightly,  and  the 
fumes  can  therefore  be  seen  between  it  and  the  hood.  The  fumes  ascend 
spirally  when  the  process  is  progressing  in  the  proper  manner.  After  the 
operation  is  finished  the  hoods  and  pots  are  cleaned  out.  A  charge  con- 
sists of  150  kilograms  of  arsenious  acid,  seven-eighths  of  which  is  obtained 
as  glass.  The  consumption  of  fuel  amounts  to  i  scheffel  of  bituminous 
coal  per  pot.  The  I'esidues  consist  principally  of  the  metals  contained 
in  the  arsenical  ores,  from  which  the  arsenious  acid  was  obtained.  They 
are  sent  to  the  blast-furnaces  for  reduction.  • 

126.  Production  of  orvpiment, — The  artificial  sulphide  of  arsenic  (oripi- 
ment)  contains  less  sulphur  than  the  natural.  It  is  produced  by  the  sub- 
limation of  arsenious  acid  and  sulphur.  According  to  stdichiometrical 
proportions,  to  every  100  parts  of  arsenious  acid  there  should  be  73  parts 
of  sulphur,  but  the  artificial  product  receives  a  fine  yellow  color,  when 
it  contains  much  less  sulphur  than  theory  demands ;  it  is  therefore  pro- 
duced from  100  parts  of  arsenious  acid  and  1^  parts  of  sulphur.  Each 
pot  is  charged  with  125  kilograms  of  arsenious  acid  and  2  kilograms  of 
sulphur ;  seven-eighths  of  this  amount  is  obtained  as  oripiment,  one- 
eighth  escaping  into  the  condensation-chambers.  The  manipulation  is 
the  same  as  in  the  manufacture  of  the  white  glass.  The  sulphur  is 
placed  on  the  bottom  of  the  pot,  and  over  it  the  arsenious  acid.  Difier- 
ent  shades  of  yellow  are  made  as  called  for  by  the  consumers  ]  2  per  cent, 
sulphur  produces  the  color  generally  desired. 

•  Kaet  and  BrauniDg,  in  their  paper  entitled  ''MittheUiingen  fiber  die  Freiberg  Huttenpro- 
cesse"  say,  *•  that  a  pot  will  put  through  150  charges  before  giving  out."  The  author- 
thinks  that  the  nnwbers  given  in  the  text  above  are  much  nearer  the  truth. 
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127.  Production  of  realgar, — Pyritoas  slimes,  consisting  of  iron  pyrites 
and  arsenical  pyrites,  are  operated  upon  for  the  manafacture  of  realgar. 
The  different  kinds  of  slimes  are  mixed  with  each  other,  so  that  the  mix- 
tare  contains  about  15  per  cent,  arsenic  and  from  26  to  28  per  cent,  sul- 
phur. After  the  slimes  have  been  perfectly  dried,  they  are  treated  in 
sublimation-furnaces  having  twelve  tubes.  The  color  of  the  realgar  must 
be  of  acertain  shade.  Thiscan  be  produced  by  subliming  arsenical  pyrites 
and  iron  i>y  rites  together,  or  with  arsenic  and  sulphur,  or  arsenical  pyrites 
and  sulphur.  When  irop  pyrites  is  heated  without  access  of  atmos- 
pheric air,  it  evolves  from  15  to  18  per  cent,  sulphur ;  arsenical  pyrites, 
46  per  cent,  arsenic.  In  order,  therefore,  to  produce  100  parts  realgar, 
170.4  part-s  of  iron  pyrites  and  150.1  parts  of  arsenical  pyrites  mast  be 
brought  together.  In  practice,  however,  equal  parts  of  both  are  gener- 
ally taken.  It  has  been  experimented  upon  to  manafacture  this  product 
from  arsenious  acid  and  sulphur,  but  it  always  turns  out  to  be  tao  rich 
in  arsenious  acid,  which  disqualifies  it  for  many  purposes.  The  method 
is  also  too  expensive,  as  much  of  the  sulphur  becomes  oxidized  by  the 
arsenious  acid. 

128.  At  the  Muldener  Hiitte  pyritous  ores  are  principally  made  nse 
of;  plumbiferous  ores  only  when  necessary.  The  latter  destroy  the 
clay  tubes,  as  they  agglomerate,  and  the  lead  oxidizes  when  they  are 
opened,  and  combines  with  the  silicic  acid  present. 

The  sublimation  is  conducted  in  tubular  sublimation-furnaces,  of  which 
there  are  eleven  at  the  Muldener  Works.  Eight  are  employed  for  the 
proil notion  of  realgar,  and  three  are  galley-furnaces,  which  are  used  for 
sublimating  the  realgar  over  again.  Each  of  the  former  furnaces  have 
twelve  tubes.  The  tubes  are  5  feet  long,  9  inches  wide,  and  three-foarths 
of  an  inch  thick,  and  have  an  iucline  toward  the  condensers  of  1.5  inch 
in  their  length.  They  hold  about  60  pounds  of  ore.  The  tubes  must 
be  capable  of  withstanding  the  effects  of  the  fire  and  the  weight  of  the 
charge.  They  are  made  of  equal  parts  of  clay  and  a  mixture  of  on- 
burnt  clay  and  dust  of  fire-brick.  The  material  must  be  pulverized 
fine  to  make  the  tubes  dense.  A  piece  of  old  tube  is  placed  under  each 
tube  to  protect  them  from  the  full  effect  of  the  fire.  Each  furnace  is 
charged  with  350  kilograms  of  ore  and  kept  at  a  red  heat  for  twelve 
hours.  A  furnace  manipulates  from  600  to  700  kilograms  of  ore  fier 
twenty-four  hours,  the  consumption  of  fuel  amounting  from  450  to  510 
kilograms  of  lignite.  If  the  charge  contains  from  10  to  15  per  cent, 
arsenic,  from  38  to  05  kilograms  of  realgar  are  obtained.  The  glass- 
like realgar  goes  through  a  process  of  clarifying.  That  which  has  not 
formed  glass  is  sublimed  again  in  galley-furnaces.  The  galley-furnaces 
are  also  kept  at  a  red  heat,  by  which  one  scheffel  of  coal  is  consumed. 
After  cooling  off',  the  condensers  are  removed  and  the  glass  taken  out. 
From  a  charge  of  107  kilograms,  90  kilograms  of  realgar  is  proilaced. 
which  is  also  clarified.  The  residues,  which  still  contain  a  large  per- 
centage of  sulphur,  are  further  treated  for  the  manufacture  of  sul- 
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phuric  acid,  after  which  they  are  delivered  over  to  the  ore-smelting 
operations.  From  the  total  amount  of  arsenic  contained  in  the  ores, 
about  86  or  87  per  cent,  is  obtained  as  realgar.  To  every  six  furnaces 
there  are  four  workmen,  who  make  eight-hour  shifts. 

129.  Clarifying  of  the  realgar, — The  object  of  this  manipulation  is  to 
give  the  glass  a  homogeneous  texture,  and  to  produce  the  exact  shade  of 
color  by  the  addition  of  sulphur.  A  cast-iron  pot  is  ased  for  this  purpose, 
which  is  16  inches  in  diameter  and  22  inches  deep.  About  125  kilograms 
of  realgar  compose  a  charge.  From  6  to  9  kilograms  of  sulphur  are  added 
per  50  kilograms.  From  one  to  one  and  a  half  hours  are  necessary  to 
clarify  the  above  quantity.  The  amount  produced  is  equal  to  100  per 
cent.,  as  the  loss  by  volatilization  is  about  equal  to  the  amount  of  sul . 
I>hur  afterward  added.  The  realgar  is  melted  in  the  pot,  and  any  slag 
formed  from  the  impurities  of  the  glass  is  immediately  removed.  The 
workman  distinguishes  the  color  by  taking  out  a  sample.  As  soon  as 
the  operation  is  finished  the  molten  mass  is  tapped  off  into  sheet-iron 
vessels,  which  are  hermetically  closed  until  the  mass  has  cooled.  The 
resulting  realgar  contains,  on  an  average,  75  per  cent,  arsenic  and  25 
per  cent,  sulphur. 

130.  The  sulphide  of  arsenic,  produced  by  the  purifyingof  the  sulphuric 
acid,  is  also  treated  for  manufacturing  realgar,  but  its  treatment  is  accom- 
panied with  considerable  expense  and  labor.  The  precipitate  must  first 
be  freed  from  acid, otherwise  it  would  not  be  possible  to  dry  it.  To  accom- 
plish this,  the  precipitate  must  be  washed  with  water  until  it  shows  no 
acid  reaction.  The  precipitate  is  then  dried,  and  melted  under  pressure 
in  closed  iron  retorts.  This  operation  is  necessary,  because,  if  the  finely 
divided  sulphide  of  arsenic  was  charged  into  the  tubes  of  the  furnace 
and  heated  it  would  not  produce  a  red  glass.  The  mass  taken  from  the 
retorts  is  partly  treated  in  the  galley-furnaces  and  partly  in  the  tubular- 
furnaces,  with  arsenical  ores  and  with  the  slag  from  the  clarifying  of  the 
realgar.  The  galley-furnaces  have  thirteen  tubes  on  each  side.  These 
are  24  inches  long  and  5  inches  in  diameter.  With  these  small  tubes  it 
is  possible  to  heat  the  charge  gradually  up  to  a  higher  temperature  than 
can  be  done  in  the  sublimation-furnaces.  The  resulting  glass  from  the 
galley-furnaces  is  clarified  in  common  with  the  raw  glass  from  the  sub- 
limation-furnaces. If  the  raw  glass  obtained  from  the  precipitate  of 
sulphide  or  arsenic  were  to  be  further  manipulated  by  itself,  the  result- 
ing realgar  would  have  a  poor  color.  The  sulphuric  acid  contains 
organic  substances  in  solution,  which  are  partially  precipitated  with  the 
sulphide  of  arsenic.  These  substances  give  the  glass  a  dark  color,  and 
would  destroy  the  red  color  of  the  finished  realgar  if  the  latter  were  not 
principally  obtained  from  the  pure  raw  glass  of  the  sublimated  ore. 

It  will  be  perceived  from  the  foregoing  that  the  treatment  of  the  sul- 
phide of  arsenic,  obtained  in  purifying  the  sulphuric  acid,  is  accompa- 
nied with  many  difficulties,  and  it  seems  to  be  doubtful  whether  this 
product  can  be  treated  to  advantage  for  the  manufacture  of  realgar. 
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131.  Production  of  metallic  arsenic, — This  metal  is  prodaced  from 
pare  arsenical  pyrites,  or  from  ores  tlfkt  possess  a  large  percentage 
of  arsenic,  (containing  much  native  arsenic.)  The  average  percentage 
of  ai'senic  contained  in  the  ores  that  are  treated  for  this  pnrpose 
amoants  to  abont  35  per  cent.  They  are  delivered  at  the  works  in 
grape-size  pieces,  and  charged  into  the  tubes  of  the  galley-faruaces 
for  sublimation.  The  tubes  are  furnished  with  condensers  of  sheet- 
iron,  in  front  of  which  there  is  a  second  of  fire-clay,  (remainder  of 
old  tubes.)  The  furnace  is  gradually  heated,  so  that  the  easily  volatil- 
ized sulphide  of  arsenic  may  sublimate  over  into  the  second  condenser 
at  a  low  temperature.  After  this  has  been  effected,  the  temperature  is 
increased  until  the  more  difficult  volatilizable  arsenic  sublimes.  This 
condenses  in  the  first  condenser,  and  is  perfectly  free  from  sulphide  of 
arsenic  and  ready  for  market.  The  pipes  are  discharged  after  cool- 
ing off. 

A  charge  is  composed  of  300  kilograms  of  ore,  and  is  subjected  to 
a  white  heat  for  eight  or  twelve  hours.  The  consumption  of  bituminous 
coal  amounts  to  between  2  and  3  scheffel,  and  about  25  kilograms  of 
metallic  arsenic  are  produced.  The  argentiferous  residues  are  delivered 
over  to  the  blast-furnaces  for  reduction. 

132.  Preparation  of  the  blendig  pyritous  ores  in  revebbera- 
TORT  furnaces. — As  has  already  been  remarked,  the  zinc  contained  in 
the  Freiberg  ores  is  very  troublesome  to  the  smeltingox^ration  in  blast- 
furnaces.   For  that  reason  ores  carrying  from  15  to  30  per  cent,  zinc  are 
paid  less  for  than  when  they  are  free  from  this  metal.    Such  ores  as  carry 
at  least  30  per  cent,  zinc  are  designated  as  zinc-ores  proper,  and  it 
is  only  these  which  receive  payment  for  the  blende.    For  this  reason 
the  mines  are  obliged  to  conduct  the  dressing  of  their  ores  in  such  a 
manner  as  to  produce  blendic  ores  payable  for  their  zinc  contents.    The 
pyritous  slimes,  containing  between  15  and  30  per  cent,  zinc,  are  pre- 
pared, previous  to  smelting  in  shaft-furnaces,  in  a  peculiar  manner,  so 
that  their  arsenic  and  sulphur  can  be  used  to  advanttige,  and  zinc  driven 
off  as  far  as  possible.    These  ores  are  first  roast^  in  Gerstenhofer  fur- 
naces, whereby  arsenious  acid  is  disengaged  and  collected  in  condensa- 
tion-chambers, and  the  sulphurous  acid  is  conducted  into  the  sulphuric- 
acid  chambers.    The  ore,  after  roasting  in  these  furnaces,  still  contains 
about  13  per  cent,  sulphur,  and  for  this  reason  is  further  roasted  in  long 
reverberatory  furnaces.    As  the  further  manipulation  rests  upon  the 
fact  that  almost  all  the  sulphide  of  zinc  is  converted  into  oxide  of  zinc, 
the  operation  of  roasting  must  therefore  be  carefully  conducted,  and  as 
the  slimes  do  not  agglomerate,  they  can  be  so  roasted  that  they  will 
only  contain  1.5  per  cent,  sulphur.    The  ores  thus  prepared  are  mixed 
with  muffle-residues  from  the  zinc-works,  and  coke-dust,  charged  into 
a  reverberatory  furnace,  and  smelted  down  with  a  strong  fire.    The  ma- 
nipulation is  very  similar  to  that  of  the  concentration  of  the  copper- 
matte.    Tlie  reverberatory  furnaces  are  in  connection  with  extensive 
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coDdensatioQ-chambers.  The  oxide  of  zinc  is  reduced  in  the  farnace 
by  means  of  the  cokedast,  t^e  zinc  volatilizes,  and  is  again  oxidized^ 
and  passes  oS  with  the  other  gases  into  the  condensation-apparatus. 
In  this  manner  zinc-fumes  are  obtained,  which  are  sold  as  paint — '^  zinc- 
gray."  The  fnmes  which  settle  in  the  canal,  near  the  furnace,  contain 
a  large  qnantity  of  sulphate  of  zinc.  This  is  dissolved  out,  and  the  resi- 
dues are  put  back  again  into  the  furnace.  The  mass  remaining  in  the 
furnace  still  contains  about  10  per  cent,  zinc,  but  as  its  bulk  has  been 
much  diminished  by  the  separation  of  the  sulphur  and  arsenic,  it  is 
probable  that  the  greater  part  of  the  zinc  formerly  contained  in  the  ore 
has  been  volatilized.  Five  charges  per  1,720  kilograms  of  ore  and  resi- 
dues are  put  through  one  furnace  daily  with  2,000  kilograms  of  coke- 
dust.  In  the  manipulation  of  this  amount  4,000  kilograms  of  bitumin- 
ous coal  are  consumed.  The  flue  of  the  furnace  must  be  cleaned  out  at 
short  intervals.  All  fumes  which  are  not  sold  as  zinc-gray  are  delivered 
over  to  the  zinc-works  for  distillation. 

133.  The  products  of  this  operation  are  as  follows : 

a.  Dezinckified  residues :  They  contain  from  0.01  to  0.015  per  cent.s 
2oz.  Iddwt.  4.8gr.to4oz.  7  dwt.8.64gr.  silver  and  about  10 percent,  zinc; 
are  equal  in  amount  to  about  50  per  cent  of  the  charge,  and  are  further 
treated  in  the  operation  of  slag-smelting. 

b.  Speiss:  Itcontains0.2per  cent. =58  oz.  6  dwt.  silver,  2  per  cent,  lead, 
and  10  per  cent,  copper.  It  composes  about  4  per  cent,  of  the  whole 
charge,  and  is  further  treated  in  the  operation  of  ore-smelting. 

c.  Silver-lead:  Contain^  from  1.0  to  1.3  per  cent. =291  oz.  to  378 oz. 
8  dwt.  14  gr.  silver,  and  is  equal  to  about  0.16  per  cent,  of  the  whole 
charge. 

d.  Fumes :  Assaying  0.005  per  cent.=l  oz.  9  dwt.  3.84  gr.  silver,  10  per 
cent,  lead,  24  per  cent,  zinc,  and  containing  13  per  cent,  sulphuric  acid } 
they  amount  to  about  10  per  cent,  of  the  tfharge,  and  are  generally  de- 
livered to  the  zinc-works. 

134.  Without  going  into  the  details  of  the  cost  of  this  operation,  one 
will  very  easily  perceive  that  the  preparation  of  the  zinc-ores  in  this 
manner  is  a  very  complicated  and  expensive  process,  and  that  the  value 
of  the  products  thereby  produced  can  scarcely  cover  the  expenses.  The 
advantages  of  this  method  cannot  be  computed  in  money;  they  are  not 
unimportant,  however,  as  it  is  the  intention  of  the  officers  at  the  works 
to  treat  in  future  zinc-ores  in  this  manner  which  only  carry  12  per  cent, 
of  the  metal. 

135.  Production  of  metallic  zinc. — The  average  percentage  of  zinc  in 
the  zinc-ores  treated  amounts  to  about  31.79  per  cent.  The  ores  are  first 
roasted  in  kilns  for  the  production  of  sulphuric  acid,  and  then  further 
roasted  in  long  reverberatory  furnaces,  until  they  contain  but  from  0.3 
to  0.5  per  cent,  sulphur.  There  are  two  Siemens  regenerative  furnaces 
for  the  reduction  and  distillation  of  the  zinc  contained  in  the  roasted  ores. 
There  are  also  two  gas-generators  to  each  farnace,  which  supply  them 
with  the  necessary  combustible  gases.    The  generators  are  simple  shaft- 
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furnaces,  which  are  filled  with  fuel,  the  gases  passing  throagh  a  long  iron 
pipe  tathe  zinc-furnaces.  The  zinc-furnaces  have  two  rows  of  muffles,  16 
in  each  row,  which  are  1.5S  JvUiineters  long,23.5  centimeters  wide, 49  cen- 
timeters high,  and  are  composed  of  1  part  clay  and  2  parts  of  a  mixture 
of  nnburnt  clay  and  dust  of  fire-brick.  The  prolongation  of  the  muf- 
fles, consisting  of  the  same  material,  are  62  to  71  centimeters  long  and 
10  centimeters  high.  A  charge  for  a  furnace  consists  of  6,400  kilograms 
of  roasted  blende  and  3,200  kilograms  of  a  reducing  agent,  (lignite  and 
bituminous  coal  or  coke.)  The  production  is  equal  to  50  or  85  per  cent« 
of  the  zinc  contained  in  the  charge,  which  depends  upon  tbe  tempera- 
ture in  the  furnace.  In  the  year  1871  the  average  was  59.43  per  cent. 
Two  gas-generators  to  a  furnace  consumed  per  day  38  hectoliters  lignite 
and  6  hectoliters  bituminous  coal. 

Products :  a.  Metallic  zinc.  2^.  Distillation  residues ;  they  contain 
from  10  to  14  per  cent,  zinc,  and  are  delivered  over  to  tbe  preparatory 
operations  for  lead-ore  smelting. 

136.  Smelting  processes. — It  is  desired  in  Freiberg  to  prepare  a  great 
Tariety  of  ores  for  one  smelting  process.  In  the  accomplishment  of  this, 
most  of  the  secondary  substances  contained  in  the  ores  are  extracted  as 
by-products  viz,  sulphuric  acid,  arsenical  products,  zinc,  &c.  The  main 
object  of  the  Freiberg  smelting  process  is,  to  smelt  large  quantities  of  ore 
in  a  short  space  of  time.  As  the  ores  contain  a  large  percentage  of  zinc? 
and  the  charge  is  constantly  varied,  the  result  is  a  hurried  process ;  the 
alag  is  not  poor,  but  contains  considerable  quantities  of  metals  and 
matte.  This  is,  at  the  present  time,  deemed  of  small  importance,  as 
the  slag  is  all  resmelted.  That  from  the  upper  part  of  the  slag-pot  is 
added  to  the  ore-charge,  and  that  from  the  lower  part,  which  contains 
some  matte,  to  the  charge.  The  slag  from  the  combined  slag  and 
matte  smelting  is  mostly  so  poor  that  it  is  discarded.  From  the  fact 
that  the  slag  produced  in  the  ore-smelting  has  the  same  composition  as 
the  slag  added  to  the  charge,  the  conclusion  may  be  drawn  that  the  ele- 
ments of  which  the. slag  is  composed  are  contained  in  similar  propor- 
tions in  the  other  material  constituting  the  charge;  and,  moreover,  that 
the  action  of  the  slag  is  only  mechanical,  inasmuch  as  the  silicic  acid 
and  the  basic  oxides  which  are  uncombined  fuse  quicker  and  form  a 
slag  much  easier  than  if  the  slag  was  omitted  from  the  charge.  Tbe 
extensive  smelting-operations  are  in  this  manner  facilitated,  and  the 
rich  slags,  which  are  produced  in  large  quantities,  are  treated  to  advan- 
tage by  utilizing  them  in  the  ore  or  matte  smelting.  The  other  pro- 
cesses are  equally  well  conducted ;  so  that  the  total  loss  in  all  -the 
manipulations  in  lead  is,  according  to  Carnot,  19.27  per  cent. ;  accord- 

ng  to  Beust,  it  was,  in  1865,  15  per  cent.    The  first-named  gentleman 
gives  the  silver  loss  at  1.11  per  cent.;  the  second,  at  1  per  cent. 

137.  Smelting  in  blastfurnaces. — By  smelting  in  shaft-furnaces  it  is 
desired  to  reduce  the  roasted  dry  silver-ores,  galenas,  and  plumbiferous 
ores,  and  all  copper-ores  carrying  from  one  to  10  per  cent  copper,  and 
about  ^Q03  per  cent.=8  oz.  14  dwt.  19  gr.  silver;  concentration  of  the 
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silver  contained  in  the  ores  in  the  resulting  lead,  formation  of  a  matte, 
and  sometimes  also  of  a  speiss,  when  the  ores  contain  nickle  and  cobalt ; 
and  separation  of  the  gangae  in  the  form  of  slag.  The  ores  are  mixed 
together  in  certain  proportions  to  each  other,  and  the  mixture  then  com- 
poses the  lead-smelting  charge.  At  present,  a  smelting  charge  is  com- 
posed of  500,000  kilograms  of  roasted  ore,  (500  tons.)  The  average  make- 
up consists  of  40  per  cent,  galena-ore,  15  per  cent,  plumbiferous  ore,  25 
per  cent,  pyritons  ore,  5  per  cent,  quartzose  pyritous  ore,  14  per  cent, 
iiuartzose  ore  and  copper-ore,  and  1  per  cent,  spathic  ore.  A  large  pro- 
portion of  the  plumbiferous,  quartzose,  and  pyritous  ores  contained  in 
this  charge  have  been  partially  treated  at  the  arsenic  and  sulphuric-acid 
works,  and  thus  prepared  for  the  smelting*  operation.  The  lead  con- 
tents of  such  a  charge  amount,  on  an  average,  to  20  per  cent.,  and  the 
silver  to  0.1  per  cent.=29  oz.  2  dwt.  The  high-grade  dry  •  silver-ores 
are  exempt  from  this  smelting  charge,  but  in  making  up  the  total  smelt- 
ing charge  (ores,  fluxes,  and  all)  they  are  strewn  in  with  the  same.  This 
is  done  in  order  to  avoid  as  much  loss,  by  mechanical  means,  as  possible. 

138.  The  separate  heaps  of  ore,  designated  by  the  superintendent, 
are  carted  from  the  ore-magazine  into  the  building  used  for  making  up 
the  charges.  A  layer,  from  1  to  IJ  feet  high,  is  made  on  the  floor  by 
dumping  the  various  loads  of  lead-ore  on  the  same;  on  the  top  of  this 
comes  a  layer  of  dry  silver-ore  of  the  same  height  as  the  former,  and 
then  another  layer  of  lead-ore  on  top  of  this.  This  operation  is  con- 
tinued until  all  the  various  loads  to  go  in  the  charge  have  been  operated 
upon.  After  the  charge  has  been  thus  put  together,  it  is  again  worked 
over  by  cutting  vertically  through  the  layers  and  mixing  well  together. 
Each  charge  is  lettered  by  marking  with  a  piece  of  chalk  on  a  shingle 
the  letter  by  which  it  is  to  be  designated ;  the  shingle  is  stuck  in  the 
heap.  In  order  to  perfect  the  complete  mixture  of  the  charge,  it  is  now 
shoveled  over  a  cone,  and  all  lumps  are  carefully  crushed  with  the  shovel 
and  thrown  again  on  the  cone.  The  operation  is  sometimes  repeated. 
The  roasted  lead-ore  charge,  after  having  been  broken  up  into  pieces 
about  the  size  of  a  man's  flst,  and  the  well-roasted  separated  from  that 
which  has  not  been  so  thoroughly  roasted,  is  transported  in  iron  tram- 
way-cars to  the  charging-floor  of  the  blast-furnaces.  At  the  present 
time,  the  smelting  of  the  roasted  lead-ore  mixture  is  principally  con- 
ducted in  the  cylindrical  furnaces  having  eight  tuyeres,  the  old  Stolberg 
furnaces  only  assisting  the  former  iu  this  work,  and  it  is  now  the  inten- 
tion to  do  away  with  these  latter  altogether. 

139.  Ore-smelting  in  Stolberg  furnaces, — When  a  Stolberg  furnace  is  to 
be  blown  in,  a  small  coke-fire  is  built  in  the  bottom  of  the  shaft  and 
kept  up  from  one  to  one  and  a  half  days,  or  until  the  furnace  has  become 
w  ell  dried.  The  furnace  is  then  gradually  filled  up  to  the  top  with  coke. 
When  the  coke-column  has  settled  down  several  feet,  a  slight  pressure 
of  blast  is  turned  on ;  then  a  layer  of  slag  and  raw-matte  is  charged  into 
the  furnace.  At  first  more  coke  than  charge  is  put  in,  until  the  furnace 
begins  to  run  in  its  normal  fashion.    This  is  done  in  order  to  prevent 
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the  furnace  from  fieeziDfi^.  Each  of  the  Stolberg  furoaces  have  four 
tuyeres,  19  inches  long,  2.5  inches  in  diameter  in  front,  and  5.5  inches  at 
the  back.  The  tuyeres  are  14.5  inches  apart,  and  converge  toward  the 
front  walls,  and  incline  downward  1  inch  to  their  length. 

The  smelting-charge  for  a  Stolberg  furnace,  with  four  tuyeres,  is  from 
10,000  to  12,500  kilograms  of  roasted  lead-ore  and  10,000  to  12,500  kilo- 
grams slag  from  the  same  operation.  Besides  these  are  added  lead- 
matte  from  the  same  operation,  roasted  residues  from  the  arsenical 
works,  dezinckified  residues,  sublimation  residues,  purchased  aariferon? 
and  argentiferous  sweepings,  lead  fluxes,  &c.,  &c.  Formerly,  roasted 
raw-matte  was  never  left  out  of  the  smelting-charge,  but  latterly  it  has 
seldom  been  present.  Since  the  working  over  of  the  lead-slag  ia  rever- 
beratory  furnaces  has  been  given  up,  the  production  of  raw-matte  has 
almost  entirely  ceased.  This  product  is  still  sometimes  produced  in 
working  the  lead-slags  over  again  in  blast-furnaces,  but  in  sacli  small 
amounts,  that  it  was  necessary  to  find  something  which  would  take  its 
place.  This  was  found  in  the  feruginous  residues  from  the  roasting  of 
arsenical  ores,  zinc-ores,  and  dross  carrying  a  large  percentage  of  iron. 
Besides  these,  the  roasted  residues  left  in  the  kilns,  after  the  roasting 
of  pyritous  lump  ores,  and  also  the  American  ores,  can  be  used  for  this 
purpose,  as  they  all  contain  a  large  percentage  of  iron.  These  products 
serve  as  the  precipitating  medium  for  the  undecomposed  sulphide  of 
lead  still  remaining  in  the  roasted  ore.  Of  lead  products  only  the  refin- 
ing dross  and  test  bottom  of  the  cupellation-furnace  are  mixed  with  the 
smelting-chaf  ge.  The  charge  is  made  up  in  the  following  manner :  upon 
the  charging-floor  a  small  layer  of  the  ferruginous  mixtures  is  spread, 
upon  this  comes  the  roasted-lead  charge,  then  the  necessary  amount  of 
limestone  is  strewn  over  the  roasted  lead-ore,  and  lastly,  upon  top  of  all, 
is  added  the  necessary  amount  of  slag,  and  then  such  argentiferous 
sweepings,  or  dross,  are  mixed  in  as  is  deemed  sufficient.  •  The  charge, 
after  having  been  made  up  as  justdescribed,  is  introduced  into  the  famaee 
through  the  two  charging- holes,  situated  a  few  feet  above  the  charging- 
floor.  Care  should  be  taken  in  removing  the  smelting-charge,  for  the 
purpose  of  introducing  it  into  the  furnace,  that  it  be  cut  down  verti- 
cally, so  that  all  the  ingredients  composing  the  same  may  become  well 
mixed  together.  The  fael  used  is  coke,  and  is  received  partly  from  the 
Klauenschen  Grunde,  and  partly  from  Zwiekan.  That  from  the  former 
place  contains  20  per  cent,  ash,  and  that  from  the  latter  15  per  cent. 

140.  The  blast-furnaces  receive  their  blast  from  double-acting  cylinder- 
pressure  blowers,  the  motive-power  being  either  steam  or  water.  At 
the  Muldener  Works  there  are,  altogether,  four  blast-engines;  at  the  lower 
works  there  is  a  steam-blast  engine  of  20-hor8e  i)Ower  and  a  turbine- 
blast  engine  of  10-horse  power.  The  former  has  two  horizontal  cylin- 
ders and  the  latter  four  vertical  cylinders.  These  two  engines  supply 
the  cupellation  and  lead-refining  furnaces  with  blast:  At  the  upper 
works  there  is  a  turbine-cylinder  blower.    These  two  engines  supply  the 
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farnaces  with  eight  tuyeres,  the  silver-refiniag  furnaces,  and  the  black- 
smith's forge. 

141.  The  coke  and  smelting-mixture  are  charged  into  the  Stolberg  fur- 
nace in  horizontal  layers,  bat  in  such  a  manner  that  the  greater  part  of  the 
smelting-mixture  comes  on  the  front  wall  and  the  coke  on  the  back  wall, 
thus  making  wedge-shaped  layers  of  charge  and  coke  alternating  with 
each  other.    For  every  12  to  14  trays  (about  8  kilograms)  of  smelting- 
charge,  2  baskets  (about  15  kilograms)  of  coke  are  added ;  therefore  to 
every  pound  of  fuel  there  are  from  10  to  12  pounds  of  charge.    This 
proportion  between  coke  and  charge  depends,  of  course,  on  the  manner 
in  which  the  furnace  is  working.    For  example,  if  the  furnace  is  in 
'^good  heat,"  the  proportion  of  charge  to  fuel  is  increased;  but  if,  on  the 
other  hand,  the  furnace  begins  to  look  dark  through  the  tcyyeres,  and  the 
formation  of  a  ^'nose'^  can  be  perceived,  the  amount  of  fuel  must  be 
increased  or  the  amount  of  smelting-mixture  decreased.    Smelting  in  the 
Stolberg  furnaces  is  not  a  smelting  with  <<  noses,"  as  may  be  inferred  from 
the  manner  in  which  the  furnace  is  charged.    The  smelting  is  always 
conducted  with  dark  charging-holes.    The  slag  is  allowed  to  flow  almost 
constantly  into  the  slag-pots.    These  pots  have  an  orifice,  from  6  to  8 
inches  above  the  bottom,  which  is  closed  with  a  wooden  plug  while  the 
slag  is  flowing  in.    When  the  slag-pot,  full  of  slag,  has  been  wheeled  * 
outside  of  the  smelting-house,  this  plug  is  withdrawn,  and  the  slag  in 
the  upper  portion  of  the  pot  flows  out  on  the  ground.    If  any  matte 
has  flowed  out  of  the  furnace  with  the  slag,  it  will  be  found  in  the  bottom 
of  the  pot.    This  is  a  very  convenient  method  of  separating  the  two, 
though  the  separation,  of  course,  is  not  perfect.    The  matte  is  worked 
over  again,  also  the  slag,  as  it  contains  about  0.0015  per  cent,  silver 
and  from  3  to  4  per  cent.  lead.    After  the  slag  has  been  removed,  the  fur- 
nace is  tapped  for  lead.    This  should  never  be  executed  until  matte 
commences  to  flow  out  with  the  slag.    Silver,  lead,  and  matte  flow  into 
the  tap-hearth,  and  there  separate,  according  to  their  specific  gravities. 
If  speiss  has  been  formed,  it  will  be  found  between  the  lead  and  matte, 
and  must  be  separated  from  the  latter  by  the  use  of  a  sledge-hammer. 
The  tap-hole  is  closed  with  a  clay  plug  as  soon  lis  the  lead  has  flowed 
out.    During  the  tapping  the  blast  is  generally  turned  off;  the  matte 
is  lifted  from  the  lead^  and  the  bullion  found  in  the  bottom  of  the  tap- 
hearth  is  ladled  out  into  molds ;  at  the  same  time  the  assay-sample  is 
carefully  taken,  after  stirring  the  lead  well  together.    Twice  every  day 
the  blast  is  turned  off,  and  the  slag  in  the  furnace  allowed  to  run  all  out ; 
the  crust  of  slag  that  has  formed  over  the  top  of  the  fore-crucible  is 
removed,  and  the  breast-holes  are  then  opened.    The  inside  of  the  fur- 
nace is  then  examined  with  an  iron  bar,  and  if  any  accretions  have 
formed  on  the  sides  or  bottom,  they  are  removed,  if  possible,  by  means 
of  the  bar.    If  the  charge  should  hang  anywhere  the  difficulty  is  remeded, 
and  the  fore-crucible  well  cleaned.    After  the  acxsomplishment  of  this 
operation  the  furnace  is  again  closed,  the  blast  turned  on,  and  the  smelt- 
ing commences  once  more. 
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142.  Prodacts :  a.  Slag  tbat  stands  between  amonosilicate  and  a  bisili- 
cate,  and  coDtaining  a  large  percentage  of  iron ;  it  flows  easily  and  is  of  a 
dark-gray  color;  contains  from  3  to  4  per  cent,  lead  and  from  0.0015  to 
0.0025  per  cent.=  8  dwt  17.66  gr.  to  14  dwt.  13.82  gr.  silver.  Part  of  it 
is  used  in  fluxing  the  ore-charges,  but  the  greater  part  is  smelted  over 
for  itself  in  blast-furnaces.    This  operation  is  called  the  slag-smelting. 

h.  Lead-matte  contains  from  25  to  30  per  cent,  lead,  0.15  to  0.25  per 
cent.  =  43  oz.  13  dwt.  14.4  gr.  to  72  oz.  15  dwt.  14.4  gr.  silTer,  aud 
from  5  to»8  per  cent,  copper.  It  is  stamped,  roasted,  and  smelted  with 
slag,  in  order  to  extract  the  lead  aud  silver  as  completely  as  possible 
and  concentrate  the  copper. 

c.  Silver-lead  contains  arsenic,  antimony,  iron,  and  copper,  and  from 
0.50  to  0.60  p|r  cent.  =  145  oz.  16  dwt.  to  174  oz.  19  dwt.  16  gr.  silver ; 
only  when  rich,  dry  silver-ores,  or  argentiferous  sweepings,  are  mixed  in 
with  the  smelting-charge  does  the  silver  amount  to  0.80  or  1.00  i>er 
cent.  =233  oz.  16  dwt.  or  291  oz. 

d.  Lead-speiss,  containing  lead,  iron,  copper,  cobalt,  and  nickel. 

143.  The  consumption  of  coke  in  the  titolberg  furnace  per  twenty -four 
hours  is  abont  40  cwt  Each  furnace  is  tended  by  four  workmen,  who 
make  12-hour  shifts.  The  shift  changes  morning  and  evening  at  6 
o'clock.  There  are  one  smelter,  one  assistant,  one  charger,  and  one  slag- 
runner.  The  Stolberg  furnaces  are  blown  out  four  times  during  the 
year  for  repairs,  thus  making  a  smelting-campaign  of  about  three  months' 
duration. 

144.  The  gases  and  fumes  that  escape  from  these,  as  well  as  theroand 
and  octagonal  furnaces,  are  conducted  through  coudensing-cbambers 
into  a  chimney  and  from  4;here  escape  into  the  atmosphere.  The  fumes 
collected  in  the  condensing-chambers,  consist  of  lead-oxide,  arsenioas 
acid,  arsenic,  carbon,  and  particles  of  ore.  These  chambers  are  cleared 
as  often  as  the  furnaces  are  blown  out.  The  fumes  contain  from  0.005  to 
0.01  per  cent.  =  1  oz,  9  dwt.  3.84  gr.  to  2  oz.  18  dwt.  4.80  gr.  rilver,  aud 
35  to  40  per  cent,  lead,  and  are  mixed  with  the  lead-ore  roasting-charg^e 
for  further  treatment. 

145.  Smelting  in  round  blast-furnaces.-^Theve  are  three  blast- 
furnaces with  eight  tuyeres  at  the  Muldener  Works,  one  of  which 
is  octagonal  in  form  and  the  other  two  cylindrieal.  There  are  also 
two  at  the  Halsbriickner  Works,  both  round.  This  makes  five  in 
all  at  both  works.  The  two  at  the  Halsbriickner  Works  belong  to 
the  class  of  crucible-furnaces.  At  the  Muldener  Works,  No.  1  is  a 
round  crucible-furnace.  No.  2  is  octagonal,  and  is  at  present  a  hearth- 
furnace,  (Sumpfofen;)  not  long  since  it  had  a  large  fore-hearth,  but 
as  this  did  not  give  satisfaction,  it  was  removed.  No.  3  is  a  hearth- 
furnace,  the  hearth,  however,  not  being  so  large  as  that  of  No.  2 ;  the 
shaft  is  cylindrical.  The  two  Pilz  furnaces  at  the  Halsbriickner  Works 
are  principally  used  for  the  smelting  of  ore.  No.  1  at  the  Muldener  gen- 
erally runs  on  ore ;  No.  2  on  ore,  matte,  and  slag,  and  No.  3  is  principally 
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ased  for  smelting  the  slag.  The  shafts  of  the  octagonal  furnace  are 
formed  by  eight  walls,  which  are  partly  composed  of  fire-clay  bricks, 
and  partly  of  common  bricks.  The  walls  stand  vertically  from  the 
canals  in  the  foundation,  for  conducting  off  the  moisture  up  to  the  level 
of  the  tuyeres,  but  from  here  on,  up  to  the  pipe  for  conducting  off  the 
furnace-fumes,  they  have  a  slant  outward  of  2  feet.  The  thickness  of 
the  walls  is  10  inches,  below  the  tuyeres  18  inches.  For  10  inches  below 
tuyeres  and  6  inches  above  the  same,  the  walls  are  built  of  fire-clay 
bricks;  elsewhere  common  bricks  have  been  used.  The  foundation  is 
composed  of  the  following  materials :  First  comes  a  2-foot  3-inch  layer 
of  slag ;  upon  this  an  18-iuch  layer  of  loam ;  this  is  covered  by  a  layer  of 
fire-clay,  12  inches  thick,  and  then  fire-bricks  standing  on  edge  form  the 
bottom  of  the  furnace.  In  order  that  the  furnace  may  be  easily  cleaned 
out,  the  lower  part  only,  for  7  feet  above  the  floor,  rests  upon  the  foun- 
dation, while  all  above  this  rests  upon  eight  hollow  east-iron  pillars.  The 
upper  part  of  the  furnace  is  surrounded  by  a  sheet-iron  mantel,  on  the 
lower  end  of  which  are  elbow-irons,  resting  upon  the  iron  pillars.  The 
lower  end  of  the  mantel  turns  inward  7  inches  at  a  right  angle,  and 
upon  this  projection  the  inside  lining  of  the  shaft  is  built  up  with  brick. 
As  the  upper  part  of  the  furnace  re^ts  exclusively  upon  the  eight  iron 
pillars,  the  lower  part  can  be  repaired  without  disturbing  the  upper  part 
of  the  shaft.  In  the  center  of  each  of  fhe  surrounding  ^alls,  and  4  feet 
above  the  floor,  cast-iron  water- tuyeres  are  brought  in,  and  are  so  pointed 
that  the  blast  from  the  different  tuyeres  will  cross  at  a  point  a  little  in 
front  of  the  center  of  the  shaft.  The  blast  is  conducted  around  the 
furnace  in  a  large  cast-iron  pipe,  and  is  supported  by  the  eight  iron  pil- 
lars. From  this  main  pipe  eight  elbow-pipes  branch  off,  conducting  the 
blast  into  the  tuyeres.  At  the  top  of  the  furnace  there  is  a  charging- 
funnel,  which  can  be  closed  by  means  of  a  hollow  iron  cylinder.  The 
sides  of  the  funnel  have  an  inclination  of  25^.  Below  this  funnel  there 
is  an  iron  cylinder,  hung  in  the  mouth  of  the  shaft,  with  a  diameter  of 
5  feet  ^  inches.  Through  this  hollow  cylinder,  the  smelting-charge  and 
fuel  pass  into  the  furnace-shaft,  and  there  spread  out  through  the 
whole  width  of  the  same.  In  the  space  between*  this  cylinder  and  the 
sides  of  the  furnace- walls,  the  gases  and  fumes  collect  and  pass  out 
through  an  iron  pipe,  3  feet  in  diameter,  into  the  condensation-chambers. 
The  furnace  is  furnished  with  two  slag-spouts,  which  are  hollow,  and 
through  which  water  continually  circulates.  There  are  three  tap-holes, 
situated  at  equal  distances  from  each  other  about  the  furnace,  and  be- 
loyr  each  of  them  are  conical  shaped  cast-iron  tap-hearths  sunk  into  the 
floor.    The  following  are  the  principal  dimensions : 

Feet.    iDches. 

From  center  of  tuyeres  to  bottom  of  hearth 2  0 

From  center  of  tuyeres  to  the  charging-funnel 23  3 

From  center  of  tuyeres  to  center  of  gas-conductor 20  6 

Diameter  of  shaft  at  the  level  of  the  tuyeres 5  6 

Diameter  of  shaft  at  the  gas-conductor 7  6 
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146.  The  blowing  in  of  this  farnace  must  be  condacted  with  the 
ntmost  care,  if  the  immediate  formation  of  salamanders  is  to  be  avoided. 
After  it  has  been  warmed  for  thirty-six  honrs,  about  1,500  kilograms 
of  lead-ore  are  placed  in  the  hearth,  through  an  opening  left  above  the 
tymp-iron.  This  will  prevent  the  formation  of  accretions.  After  the 
lead  has  been  placed  in  the  farnace,  the  hole  over  the  tymp-iron  is 
bricked  np,  and  the  farnace  is  filled  with  coke  np  to  the  point  where  the 
iron  mantel  commences.  A  slight  pressure  of  blast  is  now  turned  on. 
Small  qaamtities  of  the  smelting-mixture  are  then  added  and  gradually 
increased  until  the  furnace  smelts  its  cnstom  ary  charge.  A  charge  made 
up  for  blowing  this  furnace  iu  is  generally  composed  of: 

Kilograms. 

Slag  from  the  smelting  of  lead-ore 15,  Ooo 

Lump  pyrites 500 

Lead-matte 500 

Fluor-spar 500 

Dross  from  lead-refining  furnace 500 

147.  The  average  charge  for  this  furnace  in  September,  1873,  and  the 
amount  smelted  in  twenty -four  hours  were : 

Kilograms. 

Slag  from  ore-smelting 15, 000 

Slag  from  same  operation .* 15, 000 

Slag  from  concentrating  copper-matte 3, 000 

Boasted  lead-matte 4, 000 

Baw  copper-matte 1, 250 

Boasted  pyritous  ore,  (containing  silver) 3, 500 

Cupel  hearth 1, 500 

Litharge 10,000 

Dezincking  residue 1, 50Q 

Limestone 1, 200 

Coke 5,550 

Total 61,500 

Products:  a.  SilveV-lead,  9,430  kilograms;  b.  Lead-copper  matte, 
3,250  kilograms,  with  25  per  cent,  copper ;  c.  Slag,  with  30  to  34  per 
cent,  silicic  acid  and  1  to  2.5  per  cent.  lead. 

The  pressure  of  the  blast,  when  the  furnace  is  running  on  full  charges, 
is  4  centimeters  of  mercury. 

148.  The  cylindrical  furnace  is  not  as  high  as  the  octagonal  furnace, 
and  the  diameter  of  the  shaft  is  the  same  throughout.  In  one,  the 
gases  are  conducted  away  from  the  furnace,  above  the  charging-fannel, 
through  a  3-foot  pipe,  into  condensation-chambers;  in  the  others,  they  en> 
ter  a  3-foot  pipe  2  feet  below  the  charging-floor.  The  distance  from  bot- 
tom of  furnace  to  center  of  tuyeres  is  2  feet ;  from  that  point  to  the 
charging-hole,  13  feet  2  inches.  In  making  up  the  smelting-charge,  the 
formation  of  an  easily  smelting  and  basic  slag  is  constantly  kept  in 
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view ;  for  this  reason  au  acid  flux  is  never  added,  but  under  some  cir- 
cumstances basic  fluxes  are,  such  as  limestone  and  fluor-spar.  The  zinc 
contained  in  the  Freiberg  ores  is  the  most  troublesome  element  which 
thej'  carry.  In  order  to  eft'ect  a  good  smelting,  the  amount  of  slag-form- 
ing flux  added  must  be  increased  with  the  increase  of  zinc  in  the  ore, 
and,  at  the  same  time,  the  smelting-charge  must  be  so  made  up  that 
considerable  matte  may  be  formed,  as  the  matte,  as  well  as  the  slag, 
acts  as  a  solvent  on  the  zinc.  This  explains  why  roasted  and  unroasted 
matte  help  to  cojaipose  the  charge  at  one  and  the  same  time  i  and,  fur- 
thermore, ^vhy  at  the  Holsbriickner  Works  50  per  cent,  of  slag  is  suf- 
ficient, while  at  the  Muldener  Hiitte  100  per  cent,  is  necessary;  for  the 
ores  delivered  at  the  latter  works  always  carry  more  zinc  than  those  of 
the  former.  This  also  explains  why  the  furnaces  with  eight  tuyeres 
work  better  at  the  Holsbriickner  than  at  the  Muldener  Works. 

149.  The  dissolving  action  of  slag  and  matte  on  zinc-sulphide  has  not 
as  yet  been  theoretically  explained ;  it  may  be  that  it  is  in  part  mechan- 
ical and  in  i^art  chemical.  The  above  remarks  will  serve  to  explain  the 
composition  of  the  smelting-charges  at  the  two  works,  which  are  com- 
posed about  as  follows : 


Roasted  ore  (17.6  per  ceDt.  Pb,  0.6  per  ceut.  Co,  and 

0.109  per  cent,  of  Ag) 

Raw-matte 

Lump  pyrites  from  the  kiln« 

Slag  from  the  same  operation 

Deziueking  renidue 

Fluor-spar 

Limestone 

Heavy-spar 


I.    Muldener 
Works. 


Kilograms. 
100 

ir» 

15 

80  to  100 


II.  Holsbriickner 
Works. 


Kilograms, 


100 
3.0299 


50 
3.338 
0. 3517 
L5827 
0. 1453 


The  charge  1  is  that  of  furnaces  working  in  their  normal  state;  the 
II  is  the  average  for  a  long  space  of  time. 

150.  About  i?o,000  to  30,000  kilograms  of  ore  =  55,000  to  70,000  kilo- 
grams of  charge,  are  smelted  in  twenty-four  hours  in  the  Pilz  furnace 
at  the  Muldener  Works ;  at  the  Holsbriickner  Works,  about  35,000  kilo- 
grams of  ore=  about  50,000  kilograms  of  smelting-charge.  One  kilo- 
gram of  coke  carries  from  10  to  11  kilograms  of  charge  =4.5  to  7  kilo- 
grams of  ore.  The  furnaces  are  worked  with  a  blast  from  1-inch  mur- 
curv-cohimn. 

A  furnace  produces :  a,  from'^,000  to  8,000  kilograms  silver-lead  per 
twenty-four  hours,  which  contains  from  0.50  to  0.60  per  cent.=  145  oz. 
16  dwt.  to  174  oz.  19  dwt.  16  grs.  silver ;  and  b,  6,250  to  7,500  kilograms 
of  matte,  assaying  from  0.15  per  cent,  to  0.20  per  cent.=  about  45  oz.  to 
49  oz.  in  silver,  0.15  per  cent,  lead,  and  8  to  12  per  cent,  copper ;  c,  the 
slag  contains  from  0.0025  to  0.005  per  cent.=  14  dwt.  13.82  gr.  to  1  oz. 
9  dwt.  3.84  gr.  silver. 
5  M 
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A  Pilz  furnace  is  attended  by  a  smelter,  two  chargers,  and  three  slag- 
runners. 

The  following  analyses  will  serve  to  show  the  general  composition  of 
the  slag  resulting  from  smelting  the  ores : 


Holsbriickner  Works. 

Muldener  Works. 

SiO, 31.15 

Si  O2....27.2] 

FeO 41.31 

ZnO .  7.85 

Zn  O....10.1 

AI2O3 3.18 

CaO 6.45 

MgO 1.06 

BaO 3.58 

Mn  0 2.10 

PbO 1.47 

ri)0.,..  5.7 

CU2  0 0.16 

^ 

S 1.86 

The  other  substances  were  uot 
determined ;  the  average 
amount  of  iron  in  the  slags 
is  given  at  40  per  cent. 


100.17 

The  reasons  for  the  economy  in  fuel  are  undoubtedly  the  large  capac- 
ity of  the  furnaces  and  the  presence  of  pyritous  ores  in  the  smelting- 
charge,  which  serve  to  form  a  very  fusible  basic  slag,  rich  in  iron. 

151.  Liquation  of  silver-lead.— Silver-lead,  produced  from  cuprif- 
erous ores,  passes  through  an  operation  of  liquation  for  the  purpose  of 
removing  some  of  the  copper  it  contains  previous  to  its  treatment  in 
the  reverberatory  refining-furnaces. 

The  liquation  furnace  consists  of  a  fire-place  and  an  inclined  hearth. 
At  the  lower  end  of  the  hearth  there  is  a  deep  cavity,  into  which  the 
liquated  lead  flows  as  fast  as  it  is  melted.  The  furnace  is  charged  with 
the  silver-lead,  and  under  the  influence  of  a  low  temperature  the  lead 
melts  and  flows  down  along  the  hearth,  collecting  in  the  cavity  at  the 
lower  end,  leaving  an  unmelted  residue  on  the  hearth,  which  is  princi- 
pally composed  of  an  alloy  of  lead  and  copper.  When  the  leadrecep* 
tacle,  in  the  fore  part  of  the  furnace,  becomes  full,  the|furnace  is  tapped, 
and  the  lead  flows  out  into  molds  placed  about  the  front  of  the  furnace. 

152.  Products:  a.  Liquated  silver-lead,  which  is  delivered  over  to  the 
reverberatory  lead-refining  furnaces. 

b.  Dross,  containing  copper,  which  is  reduced  in  blastfurnaces. 

c.  Lead,  which  has  already  been  refined,  is  also  passed  through  the 
liquation-furnace,  when  the  copper  it  may  contain  has  not  been  thoroughly 
eliminated  by  the  process  of  refining. 

153.  Refining  of  the  silver-ledd. — This  operation  consists  in  the  gradual 
melting  down  of  the  silver-lead  in  reverberatory  refiningfurnaces  and 
the  elimination  of  its  impurities,  such  as  arsenic,  antimony,  copper,  and 
iron,  by  a  process  of  gradual  oxidation. 

The  operation  of  lead-refining  is  conducted  in  reverberatory  furnaces 
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resembling  the  English  reverberatory  smelting-farnaoes.  On  one  of  the 
longer  sides  of  the  farnace  there  is  an  opening,  which  can  be  closed  by 
means  of  a  fire-olay  slab.  This  is  nsed  for  charging  the  furnace  with 
lead.  The  fire-door  is  on  the  same  side,  and  on  the  opposite  side  is 
situated  the  tap-hole.  The  working-door  is  in  the  front  side  of  the  fur- 
nace, opposite  to  the  fire-bridge.  The  hearth  is  concave,  and  is  sup- 
ported by  pillars  of  masonry  below  the  floor  of  the  refining-house.  Just 
above  the  pillars,  and  resting  upon  them;  are  iron  plates ;  there  is  a 
layer  of  loam  2  to  4  inches  thick  resting  on  the  plates,  and,  lastly,  the 
hearth  proper,  which  is  composed  of  a  mixture  of  unbnrnt  fire-clay  and 
fire-brick  dust,  14  inches  thick.  On  either  side  of  the  fire-bridge  there 
is  an  opening  for  the  reception  of  the  blast-nozzles.  The  nozzles  connect 
with  the  blast-pipe  by  means  of  leather  hose.  Immediately  in  front  of 
the  tap-spout  there  is  a  cast-iron  shallow  pan  hung  from  the  ceiling  and 
revolvable  on  a  pivot.  The  lead  flowing  out  of  the  tap-hole  when  the 
furnace  is  tapped,  runs  into  this  iron  pan,  and  from  it,  through  an  iron 
spout,  connected  with  the  same,  into  the  molds  placed  in  a  semicircle 
about  the  side  of  the  furnace.  As  soon  as  one  row  of  molds  has  become 
full,  the  pan,  with  its  spout,  is  turned  so  that  the  lead  will  flow  into  the 
next  row.  This  is  a  very  convenient  arrangement  and  does  away  with 
all  ladling. 

154.  Bituminous  coal  is  burned  in  the  furnaces  with  shallow  hearths, 
or  lignite  in  those  of  deeper  hearths.  In  refining  250  to  300  cwt.  of  lead 
in  24  hours,  12  cwt.  of  each  of  the  first  kinds  of  fuel  are  consumed,  3  to 
4  cwt.  of  the  first  and  9  cwt.  of  the  second,  while  only  6  cwt.  of  the 
latter  sort  is  necessary. 

155.  Manipulation. — The  silvrer-lead  is  charged  into  the  furnace  by 
means  of  acharging-iron ;  this  accomplished,  the  charge  is  melted  down 
at  a  low  temperature.  During  the  melting  down  of  the  charge,  combi- 
nations of  lead,  copper,  and  arsenic,  with  antimony,  are  formed  and  rise 
to  the  surface.  They  are  removed  from  the  furnace  through  the  work- 
ing-door, by  means  of  an  iron  rabble.  The  temperature  is  now  increased 
to  a  dark-red  heat,  and  the  blast  turned  on.  Thereby  the  greater  part 
of  the  arsenic  and  antimony  become  oxidized,  and  also  a  small  quantity 
of  lead,  and  form  a  very  fusible  slag-like  mass,  called  abstrich,  which  is 
removed  by  means  of  a  green  piece  of  wood  fastened  on  crosswise  to  a 
long  iron  rod.  As  soon  as  a  fine  film  of  j-ellow  litharge  has  formed  over 
the  surface  of  the  lead  the  operation  is  finished,  and  the  furnace  tapped, 
after  the  fire  has  been  allowed  to  burn  feebly  for  about  the  space  of  one 
hour.  If  the  lead  is  well  refined  it  is  very  ductile,  tough,  and  is  of  a 
fibrous  texture  on  fractured  surfaces.  After  each  tapping  the  hearth  of 
the  furnace  must  be  repaired  with  a  mixture  of  one  part  clay  and  one 
part  chamotte,  (a  mixture  of  unburnt  fire-clay  and  fire-brick  dust,)  both 
of  which  should  be  finely  crushed  and  slightly  moistened. 

156.  Products:  a.  Kefined  silver-lead,  which  is  delivered  over  to  the 
Pattinson  works  for  desilverization  ;  or  if  it  still  contains  too  much  cop- 
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per  to  be  properly  treated  by  this  process,  it  is  sent  to  the  liquatioD- 
iurnace. 

h.  Abstrich  in  the  form  of  powder :  About  3  per  ceut.  of  the  lead 
put  into  the  furnace  comes  out  in  this  shape.  It  contains  from  4  to  5 
per  cent,  tin,  and  for  this  reason  it  is  melted  over  again  in  the  refiuiug- 
furnace,  with  1  to  IJ  per  cent  of  lignite,  whereby  lead  results,  which  is 
refined,  and  abstrich,  containing  from  11  to  18  per  cent.  tin.  It  is 
reduced  in  shaft-furnaces. 

c.  Abstrich :  It  is  divided  into  three  classes.  The  first  class  is  .that 
which  forms  directly  after  the  removal  of  the  first  dross  (abzug)  formed. 
It  composes  about  4  per  cent,  of  the  total  charge.  It  is  this  abstrich 
which  contains  the  most  antimony,  (about  12  per  cent.,)  and  is  used  for 
the  manufacture  of  antimonial  lead. 

d.  Abstrich  No.  2:  Composes  about  5^  per  cent,  of  the  total  lead-charge, 
and  contains  from  5  to  6  per  cent,  antimony.  It  is  delivered  over  to 
the  blast-furnaces  for  reduction,  and  is  yellower  than  that  of  the  first 
class. 

e.  Abstrich  No.  3:  Is  principally  composed  of  lead-oxide,  and  contains 
only  2  per  cent,  antimony ;  is  equal  to  about  6  per  cent,  of  tlie  total 
charge,  and  is  of  a  beautiful  yellow  color.  This  is  also  reduced  in  the 
blast-furnaces. 

157.  Production  of  antimonial  lead, — The  material  employed  for  the 
production  of  antimonial  lead  is  the  abstrich  No.  1,  already  mentioned, 
and  which  contains  about  12  per  cent,  antimony,  6  per  cent,  arsenic,  and 
2  per  cent,  copper.  It  is  melted  down  in  the  lead-refining  furnaces  with 
2  to  3  per  cent,  of  fire-coal,  and  the  entangled  silver-lead,  as  well  as  the 
iincombineil  lead-oxide  contained  in  it,  settles  down  on  the  bottom  of  the 
hearth  and  is  separated  from  the  abstrich  in  the  following  manner :  The 
melted  abstrich  is  removed  from  the  furnace  through  the  working-door 
and  the  silver-lead  is  tapped  off  into  molds. 

158.  Products:  a.  Desilverized  abstrich,  containing O.OOl  per  cent.  = 
5  dwt.  19.68  gr.  silv^er,  15  per  cent,  antimony,  10  per  cent,  arsenic,  and  11 
per  cent,  copper.    It  is  reduced  in  blast-furnaces. 

b.  Silver-lead,  which  is  delivered  over  to  the  Pattinson  works  for  de- 
silverization. 

159.  In  the  reduction  of  the  abstrich,  5  per  cent,  fluor-spar  and  25  per 
cent,  poor  lead-slag  are  added  as  fluxing  material.  The  reduction  is 
conducted  in  Stolberg  blast-furnaces.  The  resulting  antimonial  lead 
contains  about  0.001  per  cent.=5  dwt.  19.68  gr.  silver,  15  to  18  per  cent, 
antimony,  3  per  cent,  arsenic,  and  0.4  per  cent,  copper.  This  product 
passes  through  the  liquating-furnace.  The  slag  carries  10  per  cent*  of 
antimonial  lead,  and  is  therefore  resmelted  with  25  per  cent,  lead-slag 
and  5  per  cent,  fluor-spar,  whereby  an  antimonial  lead  is  obtained,  which 
is  delivered  over  to  the  ore-smelting.  The  liquation  of  the  antimonial 
abstrich  and  slag-lead  is  conducted  in  a  refining-furnace  at  a  very  low 
temperature  in  order  to  extract  the  copper  as  thoroughly  as  possible. 
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Pieces  of  wood  are  laid  upon  the  hearth  of  the  furnace,  and  upon  these 
the  antimonial  lead  to  be  treated  is  placed,  then  a  layer  of  fuel  is 
thrown  on  top  of  the  lead,  tf  a  fire  be  now  built  in  the  flre-place  of  the 
furnace,  the  antimonial  lead  melts,  trickles  down  through  the  pieces  of 
wood  on  to  the  hearth  and  flows  out  at  the  tap-hole.  It  contains  15  per 
cent,  antimony,  2  per  cent,  arsenic,  and  0.25  per  cent. •copper,  and  is  then 
taken  to  the  Pattinson  works,  where  it  is  poled  in  an  iron  kettle.  The 
dross  from  the  liquated  antimonial  lead  remains  in  the  furnace,  and  con- 
tains 4  per  cent,  antimony,  4  per  cent,  arsenic,  and  1  per  cent,  copper. 
It  is  fluxed  with  fluor-spar  and  reduced  in  a  shaft-furnace.  The  poling 
of  the  antimonial  lead  decreases  the  amount  of  arsenic  and  copper  which 
it  contains,  the  arsenic  being  volatilized  and  the  copper  oxidized  during 
the  operation.  The  operation  is  conducted  in  a  Pattinson  kettle.  The 
charge  is  melted  down  at  a  low  temperature,  and  the  dross  forming  on 
the  surface  is  removed.  Pieces  of  green  birch  and  pine  wood  are  then 
immersed  in  the  molten  bath  and  held  there  by  a  lever  arrangement. 
The  moisture  and  gases  evolved  from  the  green  wood  cause  the  lead  to 
boil  and  bubble  energetically,  thus  continually  offering  fresh  surfaces  of 
the  lead  to  the  action  of  the  atmospheric  air ;  the  copper  becomes  oxi- 
dized and  the  arsenic  is  volatilized.  After  sixty  or  eighty  hours  the 
kettle  is  emptied.  A  sample  of  the  antimonial  lead  should  have  a  flue 
granular  texture  on  a  fractured  surface,  and  a  smooth,  polished  surface. 
It  contains  1.3  to  1.8  per  cent,  arsenic,  0.17  to  0.4  per  cent,  copper,  and 
12  to  18  per  cent,  antimony. 

160.  The  Pattinson  process. — The  Pattinson  kettles  are  of  cast  iron,  are 
5.5  feet  in  diameter,  3  feet  deep,  and  have  a  capacity  of  12,500  kilograms 
lead.  They  are  from  2  to  3  inches  thick  on  the  bottom,  and  at  the  upper 
edge  only  1.5  to  2  inches.  Sixteen  kettles  compose  a  battery.  The  kettles 
at  the  ends  are  called  the  poor-lead  kettle  and  the  rich-lead  kettle.  The 
flange  of  the  kettle  is  a  separate  casting  and  sometimes  consists  of  two 
pieces.  The  kettles  are  supported  by  the  kettle-walls,  which  are  20 
inches  high  above  the  floor.  Under  each  of  the  sixteen  kettles  there  is 
a  separate  flre-place.  Bituminous  coal  is  used  as  fuel.  The  flames  play 
upon  the  bottom  and  around  the  sides  of  the  kettles  and  then  pass  off 
into  a  chimney,  which  is  generally  common  to  two  flre-places. 

161.  Manipulation. — The  manipulation  is  always  conducted  according 
to  the  two-thirds  system,  with  or  without  the  removal  of  intermediate 
crystals.  The  manipulation  without  the  removal  of  intermediate 
crystals,  is  as  follows :  As  soon  as  the  lead  in  the  kettle  has  been 
melted  down,  and  the  dross  formed  on  the  surface  removed,  the  hot 
coals  in  the  fire-place  underneath  the  kettle  are  raked  out  and  the  Are- 
door  left  standing  open,  so  that  the  cold  air  may  enter.  The  lead  in 
the  kettle  is  then  further  cooled  off  by  carefully  sprinkling  water  over 
its  surface;  the  solidified  crusts  which  form  around  the  edge  of  the  kettle 
are  broken  off,  thrust  back  into  the  bath,  and  the  whole  well  stirred 
together,  in  order  to  produce  a  more  uniform  cooling.    Crystals  now 
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begiu  to  make  their  appafuranoe ;  they  are  ladled  oat  by  means  of  a 
long  perforated  ladle  and  placed  in  the  next  kettle.  These  crjatals  are 
octabedrone,  modified  by  the  cabe.  Tvro  workmea  sink  the  large  perfo- 
lated  ladle  into  the  lead^  pass  it  aloog  the  bottom  of  the  kettle,  theo  bear 
down  with  their  entire  weight  on  the  end  of  the  long  handle  and  lift 
the  erystato  ont  of  the  kettle.  A  block  of  lead  plaeed  npon  the  edge  of 
the  kettle  serves  as  a  fnlcmm  for  the  ladle.  The  ladle  is  then  shaken 
in  order  that  the  mother-liqaid  may  flow  off  the  laiile  back  into  the  ket- 
tle ;  the  ladle  is  rested  npon  the  kettle's  edge,  the  handle  upon  an  iron, 
which  inclines  toward  the  neighboring  kettle ;  the  ladle  then  is  lifted, 
and,  sliding  down  into  the  next  kettle,  the  crystals  are  depostt-ed  in  the 
latter.  The  crystals  melt  immediately  in  this  kettle,  and  any  crnst 
which  solidifies  on  the  edges  is  immediately  broken  off  and  thmst  back 
into  theliqnid.  In  this  manner  two-thirds  of  the  kettle's  contents  are 
ladled  over  into  the  neighboring  kettle,  and  the  mother-liqaid  left 
behind  is  ladled  over  into  the  next  kettle,  in  the  direction  of  the  rich- 
lead  kettle. 

162.  In  the  two- thirds  system,  with  the  removal  of  intermediatecrystals, 
the  crystals  are  ladled  over  into  the  kettle  on  the  poor-lead  side.  The 
mother-liqaid  is  allowed  to  crystallize  again,  and  the  crystals  (two-thirds 
of  the  whole)  are  ladled  over  into  the  kettle  on  the  rich-lead  side,  and 
the  last  remaining  third  is  removed  into  the  second  kettle  on  the  rich- 
lead  side.  Iq  the  second  kettle  intermediate  crystals  are  always  formed 
when  they  are  worked  from  the  first  kettle  into  the  second. 

163.  The  resulting  poor  lead  should  never  contain  over  0.001  to 
0.0018  m  5  dwt.  19.68  gr.  to  lOdwt.  11.66  gr.  silver;  the  rich  lead,  on  the 
other  hand,  shonld  contain  1.50  to  1.80  per  cent.  =  436  oz.  16  dwt.  to  524 
oz.  6  dwt  silver.  The  latter  is  delivered  over  to  the  capellationfomaces 
for  further  treatment,  and  the  former  is  ready  for  the  market. 

164.  Each  kettle  contains  lead  carrying  a  certain  amount  of  silver, 
and  to  the  same  only  lead  containing  a  like  amount  of  silver  is  ever 
added.  In  the  second  kettle,  for  example,  containing  lead  assaying 
from  0.5  to  0.6  per  cent.  =  145  oz.  16  dwt.  —  174  oz.  19  dwt.  16  gr.  silver, 
only  refined  silver-lead  wonld  be  added.  An  average  assay  sample 
is  taken  from  each  kettle  after  the  removal  of  the  dross,  in  order  to 
keep  the  run  of  the  operation  and  to  avoid  all  irregularities. 

165.  At  every  kettle  there  are  two  workmen ;  they  make  three  crystal- 
lizations within  twelve  hours'  time.  A  fireman  attends  to  the  fires  accord^ 
ing  to  the  directions  of  the  foreman. 

165.  Products :  a.  Pattinson  dross.  Of  three  kinds,  distinguished  by 
their  sUver-con  tents ;  that  from  the  first  to  the  third  kettles  composes 
the  first  sort ;  that  from  the  fourth  to  the  ninth  kettles  composes  the 
second  sort ;  and  that  from  the  tenth  to  the  fourteenth  composes  the 
third  sort. 

ft.  Bich  lead,  containing  from  1.50  to  1.80  per  cent.=:4i36  oz.  16  dwt.  to 
524  oz.  6  dwt.  silver.    It  is  cupelled. 


WORKING    SILYEB-LEAD.  71 

c.  Poor  lead,  (softlead^)  oontaining  from  0.001  to  0.0018  =5  dwt.  19.68 
gr.  to  10  dwt.  11.66  gr.  silver,  0.05  per  cent,  copper,  0.12  to  0.15  per  cent, 
iron,  and  a  trace  of  arsenic  and  antimony. 

166.  Cupellation  of  the  silver-lead. — The  foundation  consists  of  gneiss, 
and  projects  2  feet  above  the  floor  of  the  cupellation-hoase ;  it  is  provided 
with  two  canals  that  cross  each  other  at  right  angles  in  the  center,  which 
serve  to  carry  oft  any  moisture  that  may  collect  in  the  foundation.  The 
foundation  supports  the  main  crown  of  the  furnace,  which  is  built  of  sand- 
stone or  bricks,  and  is  well  anchored.  In  this  main  crown  there  are  num- 
erous small  holes  which  lead  in  toward  the  center  of  the  furnace ;  they 
serve  as  escapes  for  moisture.  Upon  the  main  crown  there  is  a  second 
smaller  one  built  of  brick,  and  in  it  are  the  litharge  passage  and  charging- 
door.  The  litharge  flows  out  of  the  former  as  fast  as  it  forms.  It  is 
near  the  fire-place,  so  that  the  higher  temperature  at  that  place  may  as- 
sist to  keep  the  litharge  in  a  fluid  state.  The  litharge-passage  is  lined  with 
iron  plates,  and  underneath  is  the  iron  breast-plate  of  the  hearth.  The 
cupellation-hearth  is  composed  of,  first,  a  layer  of  finely-crushed  slag ; 
second,  a  layer  of  fire-bricks,  or  a  composition  of  quartz  and  clay,  scooped 
out  so  as  to  form  a  concave  surface;  and,  third,  the  cupellation-hearth 
proper,  consisting  of  infusible  marl.  The  hearth  is  covered  by  a  mov- 
able hood  of  iron.  The  lower  surface  of  this  hood  is  lined  with  a  com- 
position consisting  of  two  parts  of  quartz  and  one  part  of  clay.  This 
iron  hood  is  hung  on  a  revolvable  crane,  and  can  be  swung  away  from 
over  the  hearth,  so  that  the  workmen  can  stamp  on  the  hearth.  In 
order  to  effect  a  good  draught,  there  axe  sheet-iron  chimneys  over  the 
litharge-passage  and  charging- door,  which  also  serve  to  carry  off  the 
lead-fumes  into  the  condensation-chambers.  On  the  side  opposite  the 
litharge-passage  there  are  two  tuyeres  which  supply  the  furnace  with 
the  necessary  blast  for  oxidation.  The  tuyeres  are  placed  horizontal, 
but  converge  toward  the  center  of  the  hearth.  Opposite  the  charging- 
door  is  the  fire-box,  separated  from  the  hearth  by  a  fire-bridge,  which 
is  covered  by  an  arch  of  fire-bricks.  The  blast  escapes  from  nozzles  in 
the  tuyeres,  which  connect  with  the  main  blast-pipe  by  means  of  leather 
hose.  These  nozzles  can  be  inclined  so  that  the  blast  will  strike  the 
surface  of  the  lead,  which  is  not  always  on  the  same  level,  throughout 
the  operation. 

167.  The  hearth  of  this  furnace  is  made  of  calcareous  marl,  which  is 
principally  composed  of  carbonate  of  lime  and  silicate  of  alumina. 
For  the  preparation  of  this  marl,  8  cwt  of  fresh  and  1  cwt  of  already- 
used  marl  is  employed,  and  also  ^  cwt.  of  clay.  All  this  material  is 
well  mixed  together  until  it  possesses  consistency;  the  marl  and  clay  are 
finely  pulverized,  sieved,  and  moistened  with  water,  so  that  the  mass 
will  ball  in  the  hand  without  leaving  moisture  on  the  same.  This  mixture 
must  be  infusible,  should  not  act  as  a  reducing  agent  on  lead-oxide,  and 
must  possess  acertain  porosity.  This  mixture  is  stamped  upon  the  hearth 
in  the  following  manner:  The  necessary  amount  of  the  composition  is 
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placed  in  the  furnace  and  stam])ed  npon  the  hearth  in  such  a  manner 
as  to  form  a  concave  surface.  For  the  purpose  of  collecting  the  re- 
maining amount  of  plumbiferous  silver,  which  also  contains  bismuth, 
the  deepest  point  of  the  hearth  is  made  near  the  charging-door,  so 
that  it  may  be  ladled  out  into  cast-iron  molds,  when  the  operation  is 
finished. 

168.  After  the  test  has  been  properly  stamped  on  the  hearth  of  th*^ 
furnace,  the  silver-lead  to  be  cupelled  is  placed  within  the  furnace, 
without  any  previous  heating  of  the  hearth  -,  the  lead  is  placed  care- 
fully upon  the  hearth  with  the  hand  ;  the  hood  is  swung  back  from  the 
furnace  during  this  operation,  also  while  the  hearth  is  being  stamped 
in;  the  hood  is  swung  ba<5k  again  over  the  hearth  when  8,750  kilograms 
of  silver-lead  have  been  charged,  and  all  crevices  between  the  same 
and  the  furnace  are  then  stuffed  with  loam. 

169.  Manipulation. — Wood  is  now  placed  upon  the  lead  and  set  on 
fire;  a  small  wood-fire  is  also  kept  up  in  the  fire-place  until  the  lead 
has  become  melted.  It  takes  from  twenty  to  twenty-four  hours  to  melt 
down  the  entire  charge.  The  moisture  in  the  test  now  escapes  through 
the  holes  in  the  main  crown  of  the  furnace.  If  the  fire  should  be  too 
strong,  there  is  danger  of  cracks  forming  in  the  hearth,  in  which  case 
it  would  have  to  be  renewed.  During  the  melting-down  of  the  lead 
charge  a  slight  pressure  of  blast  is  allowed  to  enter  the  furnace,  in  order 
to  support  the  combustion  of  the  wood.  Sheet-iron  hoods  are  placed 
over  the  litharge-passage  and  charging-doors;  these  hoods  connect  with 
sheet-iron  pipes  which  conduct  the  lead-fumes  into  the  condensation- 
chambers.  The  fire  and  blast  are  now  increased.  The  fuel  used  gen- 
erally consists  of  wood,  bituminous  coal,  and  lignite;  the  two  latter  can 
only  be  emi^loyed  when  blast  is  conducted  through  pipes  into  the  ash- 
I)it;  otherwise  thete  would  not  be  sufficient  draught  to  support  com- 
bustion. The  remainder  of  the  silver  lead  is  charged  as  fast  as  the 
quantity  in  the  furnace  is  decreased  by  the  withdrawal  of  litharge. 
The  pigs  of  lead  are  laid  in  the  charging-door  and  allowed  to  fuse 
slowly.  From  ninety  to  ninety-six  hours  are  necessary  in  cupelling 
25,000  kilograms  of  silver-lead,  and  the  consumption  of  fuel  amounts  to 
40  schefiel  of  lignite,  5  schefi'el  of  small  bituminous  coal,  and  1.25  klaf- 
ter  of  wood. 

170.  Products:  a.  A  dross  (=120  kilograms)  called  abzag^  is  that 
which  first  forms  during  the  fusing,  and  is  composed  of  the  unmelted 
impurities  of  the  lead.  It  is  removed  from  the  surface  of  the  lead  by 
means  of  a  piece  of  wood  fastened  to  an  iron  rod.  Only  a  small  quan- 
tity of  abstrich  is  found. 

h.  Yellow  litharge :  It  is  tolerabl}^  pure  oxide  of  lea<i,  and  contains 
from  0.04  to  0.06  per  cent.=ll  oz.  13  dwt.  4.8  gr.  to  17  oz.  9  dwt.  19.2  gr. 
silver.    It  is  delivered  over  to  the  Stolberg  shaft-furnaces  for  reduction. 

c.  Ked  litharge :  It  contains  less  silver  than  the  yellow  variety,  and  is 
formed  on  the  interior  of  large  masses  after  cooling  off.    It  is  separated 


WORKING    SILVER-LEAD.  73 

from  the  yellow  litharge  by  sifting,  and  sold,  as  it  contains  too  small  a 
quantity  of  silver  to  be  reduced  with  profit. 

d.  Litharge  containing  bismuth:  It  is  formed  toward  the  close  of  the 
operation,  as  the  bismuth  oxidizes  later  than  the  lead.  This  litharge  is 
reduced  separately.  The  resulting  silver-lead  is  also  separately  cupelled. 
Ores  and  products  containing  bismuth,  also  the  residues  from  the  oper- 
ation of  bismuth  extraction,  as  well  as  a  part  of  the  cupellation-hearth, 
which  is  situated  directly  under  the  spot  where  the  rich  argentiferous 
lead  collects  toward  the  close  of  the  process,  are  also  reduced  with  the 
bismuth  litharge.  From  250  to  500  kilograms  of  bismuth  litharge  are 
produced  in  every  cupellation. 

e.  "  Scheide"  litharge :  This  is  that  which  collects  and  congeals  on  the 
sides  of  the  litharge-canal.  It  is  removed  from  time  to  time.  From 
250  to  400  kilograms  of  this  variety  are  produced  during  a  cupellation, 
and  it  is  reduced  in  conjunction  with  the  yellow  litharge,  as  its  chemical 
composition  is  the  same. 

171.  Manner  in  which  the  products  are  removed  from  the  furnace, — The 
litharge  flows  off  from  the  surface  of  the  molten  lead  through  a  small 
canal  made  in  the  side  of  the  marl  hearth,  in  the  litharge-passage  near 
the  fire-bridge.  This  canal  is  made  with  a  saw,  and  at  first  on  the  side 
of  the  litharge-passage  nearest  the  fire-place.  Tbe  litharge,  after  flowing 
through  this  canal,  flows  into  a  receptacle  of  sheet-iron  and  there  forms 
pieces  weighing  from  750  to  800  kilograms.  When  this  receptacle  has  be- 
come full,  it  is  taken  away  from  the  furnace  and  the  litharge  dumped  out. 
The  canal  must  be  constantly  kept  open  by  means  of  a  hooked  piece  of 
iron,  otherwise  it  would  soon  become  stopped  up  with  congealed  lith- 
arge. If  the  iron  receptacle  for  the  litharge  has  been  filled  three  times 
from  the  same  canal,  the  canal  is  closed  with  a  little  moist  marl,  and 
lead  is  charged  into  the  furnace  through  the  charging-door,  until  the 
surface  of  the  molten  charge  again  reaches  to  the  level  of  the  breast- 
wall  in  the  litharge-passage.  The  lead  which  is  to  be  added  to  that 
already  in  the  furnace,  is  placed  upon  the  edge  of  the  charging-door, 
where  it  gradually  melts  and  flows  down  on  the  hearth.  This  second 
addition  of  lead  allows  of  the  cupellation  of  large  quantities  upon  the 
same  hearth,  and  is  accompanied  by  a  large  saving  of  fuel,  and  other 
material.  In  this  manner  it  is  possible  to  cupel  20,000  kilograms  of  lead 
more,  after  the  first  8,500  kilograms  have  been  placed  in  the  furnace. 
When  the  hearth  has  become  full  again,  a  new  channel  is  made  near  the 
old  one  for  the  escape  of  the  litharge  j  the  receptacle  for  the  litharge  is 
iilled  three  times  from  this  channel  and  is  then  closed ;  more  lead  is 
added  to  the  charge  and  a  new  channel  made  with  the  saw. 

172.  In  this  manner  each  channel  can  be  used  at  least  three  separate 
times.  When  the  receptacle  for  the  litharge  has  been  filled  about  twen- 
ty-seven times  the  process  is  finished.  As  the  surface  of  the  lead  sinks 
lower  and  lower,  the  blast-nozzles,  of  course,  must  be  so  directed  that 
the  blast  will  strike  the  surface  of  the  charge.    Formerly  the  process 
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was  coQtinned  until  the  brightening  of  the  silver,  bat  at  present  it  it 
only  driven  until  the  lead  contains  about  60  per  cent,  silver,  and  a 
greater  portion  of  the  bismnth  contained  in  the  silver-lead.  The  capel- 
man  must  be  able  to  distinguish  when  this  period  takes  place  by  the 
height  of  the  metallic  bath  in  the  furnace.  The  blast  is  turned  off,  the 
hood  over  the  hearth  swung  back  on  its  crane,  and  the  plumbiferoas 
silver  is  ladled  out  as  completely  as  possible  into  iron  molds.  That 
remaining  on  the  hearth  is  cooled  off  with  water,  and  then  pried  out 
with  crow-bars. 

173.  The  reason  for  not  cupelling  the  silver  until  it  brightens  is,  that 
the  bismuth,  which  is  concentrated  in  the  silver-lead  alloy,  can  only  be 
prevented  from  volatilizing  when  the  oxide  formed  is  immediately  ab- 
sorbed by  the  hearth.  This,  however,  is  not  possible,  as  the  hearth  is 
already  saturated  with  litharge ;  consequently  the  cupellation  is  inter- 
rupted at  the  point  stated,  and  the  further  cupellation  is  conducted  opou 
a  new  test  and  in  a  smaller  furnace.  Fuel  is  also  saved  in  not  bright- 
ening in  the  large  cupellation-furnace,  as  toward  the  end  a  very  strong 
fire  would  have  to  be  kept  up,  and  as  the  furnace  is  large  and  the  amount 
of  alloy  on  the  hearth  would  be  very  small  in  comparison,  there  would 
be  a  great  waste  of  heat  The  resulting  silver-lead  alloy  amounts  to 
about  600  to  700  kilograms,  which  is  further  manipulated  in  the  silver- 
refining  furnace. 

174.  The  hearth,  which  is  saturated  with  litharge  for  3  to  4  inches 
deep,  is  easily  broken  off  and  removed  from  the  underlying  marl,  as  it 
breaks  off  in  conchoidal  pieces  and  easily  falls  to  powder.  That  part 
of  the  rest  which  is  saturated  with  litharge  is*  delivered  over  to  the 
matte-smelling  operation  for  further  treatment,  and  the  remainder  is 
used  over  again  in  making  a  new  hearth.  That  part,  however,  which 
was  immediately  under  the  silver-lead  alloy  toward  the  close  of  the 
operation,  and  containing  bismuth,  is  reduced  by  itself. 

175.  Silver-refining. — This  operation  is  simply  the  continuation  of  the 
foregoing,  whereby  the  silver  is  forced  from  the  oxidizable  metals  with 
which  it  is  alloye<l  as  it  comes  from  the  cupellation-furnace.  The  operation 
is  continued  until  the  silver  possesses  a  fineness  of  y%V  The  furnace  em- 
ployed for  this  operation  is  a  small  reverberatory  furnace,  similar  to  an 
Englisli  reverberatory  furnace,  only  that  it  is  of  much  smaller  dimen- 
sions, has  two  small  tuyeres,  one  on  each  side  of  the  fire-bridge,  and, 
instead  of  a  stationary  arch  over  the  hearth,  it  has  a  movable  hood. 
The  hearth  is  composed  of  the  same  material  as  that  of  the  cupellation- 
furnaces.  It  is  stamped  in  on  the  bottom  of  the  furnace.  The  bottom 
of  the  furnace  is  composed  of  pulverized  fire-brick,  tightly  stamped. 
In  the  center  of  the  hearth  a  small  hollow  is  made  for  collecting  the 
silver.  As  soon  as  the  hearth  has  been  stamped  in,  the  hood  is  placed 
over  the  furnace  and  all  crevices  between  it  and  the  furnace  are  stuffed 
with  loam.  The  hearth  is  now  carefully  heated  by  a  fire  built  in  the 
fire-place,  which  is  gradually  increased.    This  is  necessary  because  there 
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are  do  canals  in  the  foundation  of  the  facnace  for  leading  off  the  moisture. 
After  three  or  four  hours,  when  the  hearth  appears  red-hot,  the  silver- 
lead  alloy  is  charged  into  the  furnace  and  the  fire  increased. 

176.  Manipulation. — When  the  silver-lead  alloy  has  become  melted, 
(in  about  au  hour,)  a  slight  pressure  of  blast  is  turned  on  in  order  to 
oxidize  the  lead  and  bismuth.  A  small  channel  is  now  made  on  the 
edge  of  the  working-door  in  the  side  of  the  hearth  for  the  escape  of 
the  litharge.  A  large  amount  of  the  lead  and  bismuth  oxides  formed 
are  now  absorbed  into  the  test.  After  several  hours,  the  amount  of 
litharge  formed  begins  to  decrease,  the  litharge-channel  is  closed,  and 
marl  is  strewn  over  the  surface  of  the  metal  to  absorb  the  oxides. 
This  is  removed  from  time  to  time  and  fresh  quantities  added  until  the 
close  of  the  operation.  In  order  to  judge  when  the  operation  has  been 
carried  far  enough,  a  tool  is  held  over  and  close  to  the  surface  of  the 
molten  metal ;  if  its  image  is  distinctly  reflected  therein,  the  silver  has 
reached  the  fineness  wished.  A  sample  taken  out  should  also  show  but 
few  yellow  spots.  Perhaps  the  best  method  of  determining  this  point 
is  to  take  a  small  sample  in  a  ladle  and  allow  it  to  cool  off.  If,  on 
cooling,  it  should  sprout,  the  process  of  refining  is  finished.  The  molten 
silver  is  granulatf'.d  and  theu  delivered  over  to  the  gold-separating 
works. 

177.  Oranulatiofi  of  the  silver, — The  melted  silver  is  ladled  out  of  the 
,  silver-refining  furnace  into  a  copper  vessel  filled  with  water,  the  vessel 
being  swung  around  at  the  same  time  by  a  workman.  The  silver  is 
hereby  separated  into  granules,  which  are  dissolvable  in  sulphuric  acid  of 
Q^^  Baum6.  The  water  in  the  copper  vessel  must  be  often  renewed,  as  it 
soon  becomes  warm.    The  granulated  silver  is  dried  in  a  drying-furnace. 

178.  The  length  of  the  refining  operation  depends  upon  the  quality 
and  quantity  of  silver-Ieaii  alloy  treated,  also  the  amount  of  fuel  consumed 
in  the  operation.  In  order  to  refine  from  500  to  700  kilograms  of  silver- 
lead  alloy,  as  it  comes  from  theciipellation-furnaces,  ten  to  twelve  hours 
are  necessary,  and  8  to  9  scheffel  of  bituminous  coal  are  consumed.  Two 
workmen  are  employed,  a  refiner  and  his  assista>nt. 

179.  Products :  a.  Eefined  auriferous  silver,  containing  0.3  per  cent.= 
87  oz.  8  dwt.  14  gr.  gold  per  ton,  99  per  cent,  silver,  and  traces  of  copper, 
lead,  and  bismuth. 

h,  Eich  bismuth  litharge.  It  is  delivered  over  to  the  bismuth-extrac- 
tion works. 

Dross  and  test.  They  are  both  rich  in  bismuth,  and  are  also  delivered 
over  to  the  bismuth -extraction  works. 

180.  The  liquation  of  Pattinson  dross* — By  this  operation  is  to  be  under- 
stood the  gradual  melting-down,  of  the  dross  in  reverberatory  furnaces, 
which  is  formed  on  the  surface  of  the  silver-lead  in  Pattinson  kettles,  so 
that  the  lead  will  settle  down  on  the  hearth  of  the  furnace  and  the  dross 
remain  back  unmelted. 

Manipulation. — The  dross  is  charged  into  the  furnace  with  the  charg- 
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ing-spadc,  and  fine  bitumiaons  coal  is  added  as  a  reducing  agent.  The 
lead  is  then  melted  out  at  a  very  low  temperature,  so  that  none  of  the 
dross  may  be  fused.  The  lead,  carrying  with  it  the  greater  part  of  the 
silver,  flows  down  and  collects  at  the  lowest  point  of  the  hearth. 
Another  portion  of  dross  is  now  charged  into  the  furnace  with  small 
broken  coal,  after  the  liquated  dross  has  been  removed  from  the  farnace. 
The  operation  is  conducted  in  this  manner  until  the  hearth  is  filled  with 
•  liquated  lead.  The  lead  is  tapped  off  every  twenty-four  hours.  From 
six  to  seven  scheffel  of  hard  slate-coal  and  four  scheffel  of  small  coal  are 
consumed  in  twenty-four  hours  by  this  manipulation. 

181.  Product :  a.  Liquated  lead,  which  is  delivered  over  to  the  Pat- 
tiuson  works  for  desilverization. 

ft.  Dross:  It  is  delivered  over  to  the  operation  of  ore-smelting  for  the 
purpose  of  reduction. 

182.  Reduction  of  litharge. — This  operation  coysists  of  a  redacing 
smelting  of  the  litharge  in  a  Stolberg  blast-furnace,  whereby  metallic 
lead  and  slag  are  the  resulting  products.  The  litharge  is  broken  up 
into  pieces  about  as  large  as  a  man's  flst,  and  delivered  at  the  charging- 
hole  of  the  furnace,  where  it  is  fluxed  with  fluor-spar,  lead-slag,  and 
coke ;  the  latter  serves  as  a  reducing  agent  and  fuel  at  the  same  time. 

183.  A  Stolberg  furnace  puts  through  in  twenty-four  hours  from  3^5(Kiv 
to  4^(]^0flkilograms  of  litharge,  with  350  to  400  kilograms  of  fluor-spar  and 
3,500  to  4,000  kilograms  of  lead-slag,  with  a  consumption  of  2,500  kilo- 
grams of  coke.  To  every  ten  trays  of  litharge  ten  trays  of  slag  and  four 
baskets  (one  basket  equal  about  four  volumes  of  a  tray)  of  coke  are  charged 
into  the  furnace  and  equally  distributed  throughout  the  shaft.  Tht- 
reduction  of  the  litharge  takes  place  very  rapidly,  and  the  lead  mast  be 
tapped  oft'  very  often.  Seven  men  are  employed  at  the  furnace,  namely, 
one  smelter,  two  chargers,  one  slag-runner,  t\^o  leadladlers,  and  one 
assistant.    The  operation  is  conducted  with  a  dark  charging-hole  and  a 

Aa^  ^^^  <s#peBg  pressure  of  blast. 

184.  Products:  a.  Lead,  which  is  delivered  over  to  the  Pattinson 
works  for  desilverization,  without  being  previously  refined. 

h.  Slag,  containing  up  to  15  i)er  cent.  lead.  It  is  principally  used 
as  a  flux  in  the  ore-smelting  and  various  matte-smelting  operations 
when  the  furnaces  are  smelting  too  rapidly. 

185.  Manipulation  OF  SPEiss. — The  object  of  this  operation  is  the  par- 
tial desilverization  of  the  speiss  and  the  concentration  of  the  nickel  and 
cobalt.  Speiss  from  the  lead-matte  and  matte-concentration  operations, 
and  that  produced  by  the  preparatory  manipulation  of  the  blendic  ores 
for  the  lead-smelting,  are  treated  by  this  operation.  The  speiss  gener- 
ally adheres  to  the  bottom  of  copper  and  lead  matte,  and  most  be 
separated  from  it,  after  which  it  is  crushed  and  then  roasted.  After 
the  roasting  the  speiss  is  principally  composed  of  sulphates  of  the 
metallic  oxides  and  uncombined  oxides.  The  roasted  speiss  is  smelted 
with  foaryte,  copper-slags,  copper-ores,  lead-slags,  litharge,  and  lead- 
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scraps  poor  in  silver.  The  iron  is  slagged  off,  and  ^the  other  metallic 
oxides  and  metals  form  a  rich  matte,  while  the  cobalt  and  nickel  form  a 
speiss;  silver-lead  is  also  produced,  which  contains  most  of  the  silver 
in  the  charge.    The  amount  daily  smelted  is  composed  as  follows : 

Kilograms. 

Koasted  speiss 6, 000 

Baryte 750 

Lead-slag 100 

Quartz 300 

Litharge 5, 000 

Total 11,150 

From  five  to  six  smeltings  are  necessary  to  desilverize  the  speiss. 

186.  Products:  a.  Speiss,  with  0.25  per  cent. =7  oz.  5  dwt.  18.24  gr. 
silver,  17  per  cent,  copper,  2  per  cent,  cobalt,  20  per  cent,  nickel,  and  4 
per  cent.  lead.  It  is  sold  at  Aberschlema.  Copper-matte,  which  goes  to 
the  matte-smelting  operations. 

h.  Silver-lead,  which  is  delivered  over  to  the  refining-works.  Poor 
slag,  which  goes  to  the  slag-dnmp. 

187.  Smelting  of  the  roasted  matte. — The  smelting  of  the  roasted  matte 
generally  takes  place  at  the  end  of  a  lead-ore- smelting  campaign,  or 
when  large  quantities  of  lead-matte  have  accumulated.  This  operation 
has  for  its  object  the  diminishment  of  the  lead  and  silver  contents  of 
the  matte  and  the  concentration  of  its  copper.  The  matte  to  be 
treated  is  crushed  and  then  thoroughly  roasted  in  long  reverberatory 
roasting-furnaces,  or  broken  up  into  pieces  of  about  the  size  of  a 
walnut  and  roasted  in  kilns  or  roasting-stalls.  In  preparing  the  smelt- 
ing-charge  no  definite  proportion  is  adhered  to  between  the  ore  and  the 
products  to  be  smelted.  As  clean  slags  are  produced  in  this  operation, 
they  are  employed  in  smelting  over  slags  that  receive  a  second  treat- 
ment; such  slags  are  produced  in  smelting  the  roasted  lead-ores,  and 
the  roasted  lead-matte  takes  the  place  of  the  pyritous  ores,  which  are 
charged  into  the  blast-furnaces  for  the  purpose  of  forming  a  matte  in  the 
slag-smelting.  The  roasted  lead-matte  is  smelted  with  an  equal  amount 
of  raw  lead-matte  and  an  addition  of  plumbiferous  products,  sweep- 
ings, and  residues  from  the  zinc  and  arsenic  works.  Such  a  smelting- 
charge  is  composed  of— 

Cwt. 

!Raw  lead-matte 90 

Hefining  dross 60 

Zinc  residues 8 

Iron  residues 8 

Jlich  lead-slag 40 

Such  a  charge,  of  course,  smelts  very  rapidly,  as  it  is  composed  of 
products  which  have  already  passed  through  smelting  operations. 
187.  The  following  are  the  products  of  this  manipulation  : 
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a.  Slag,  which  goes  to  the  slag  damp,  as  it  only  oontoiDS  from  0.0015 
to  0.002  per  cent.=8  dwt.  16.66  gr.  to  11  dwt.  15.84  gr.  silver,  and  1  to  2 
per  cent.  lead. 

b.  Lead-matte,  which  is  crashed  and  roasted  in  farnaces  or  broken  ap 
into  pieces  and  roasted  in  kilns,  or  stalls,  and  resmelted  for  the  purpose 
of  the  farther  concentration  of  the  copper,  after  which  it  is  called  oop- 
per-matte. 

c.  Silver-lead,  which,  after  andergoing  a  process  of  refining,  is  deliv- 
ered over  to  the  Pattinson  works  for  desilverization. 

189.  The  manipalations  in  this  operation  are  the  s^ime  as  those  de^ 
scribed  nnder  the  head  of  "  lead-ore  smelting.''.  This  operation  is  very 
effective  in  cleaning  the  furnaces  of  all  accretions  which  may  have  been 
formed  daring  previous  operations,  and  thas  makes  the  work  of  clean- 
ing out  the  farnaces  much  easier.  Especially  all  accretions  which  may 
have  formed  in  the  bottom  of  the  furnaces  are  effectually  removed.  For 
this  reason,  the  operation  is  always  carried  out  at  the  end  of  the  lead- 
ore-smelting  campaign,  or  when  a  furnace  has  become  partially  stopped 
up. 

190.  RESMELTING  of  the  LUAD  slags  in  BLAST-FURNACES. — The  SO 

called  Freiberg  slag-smelting  is  in  reality  a  combined  slag  and  matte 
smelting.  The  object  of  this  operation  is  the  concentration  of  the  small 
amounts  of  silver,  lead,  and  copper  contained  in  various  metallurgical 
products  in  a  matte  resulting  from  the  smelting  of  poor  argentiferoa^ 
pyritous  ores,  after  a  previous  roasting.  The  operation  is  conducted  in 
blast-furnaces;  formerly,  however,  only  in  reverberatory  farnaces.  In- 
stead of  the  roasted  pyritous  ores,  roasted  lead-matte  is  now  princi{ially 
made  use  of  in  fluxing.  The  operation  is  generally  conducted  iu  the 
Pilz  furnaces.  A  double  purpose  is  effected  by  the  operation  of  slag- 
smelting,  namely,  the  extraction  of  lead  and  silver  from  the  slag  and 
the  concentration  of  the  matte. 

191.  The  composition  of  the  smelting  charge  is  naturally  change- 
able. It  is  customary  to  resmelt  the  lead-matte  resulting  from  the  ore- 
smelting  (containing  about  15  per  cent,  copper)  as  often  with  the  opera- 
tion of  slag-smelting  as  is  necessary  to  increase  its  amount  of  copper  to 
within  23  per  cent. 

The  following  is  the  co:npositioa  of  a  slag-smelting  charge: 

Muldener  Works. 

Slag  from  ore-smelting IW. »» 

Copper-slag 4.  <' 

Raw  copper  matte 2.  o 

Lead-matte  roasted  in  kilns    4.  •' 

Lead-matte  roasted  in  kilns  and  a  second  time  iu  stalls 8.4 

Lump  pyrites,  roasted  in  kilns 1*.  •> 

Speiss  from  the  dezinckificatiou  process 1. 1» 

Dezincking  residues 1.  o 
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Limestone 

Fluor-spar 

KefiDiDg  dross,  test,  abstrich,  &c 


Kilograms. 
2.0 
2.0 

7.2 


RaUhruckner  Works. 

Sliig  from  ore-smelting 100. 0 

Copper-slag . .       15. 0 


Kaw  copper-matte. . . 
Koasted  lead- matte.. 

"Stockeln" 

Argentiferous  copper 
Kefiuing  dros8,  &c  .. 


1.8 
2L0 
4.0 
1.1 
5.8 


As  will  be  seen  from  the  above,  several  products  carrying  a  large  per- 
centage of  sulphur  help  to  compose  the  charge;  for  instance,  raw-matte 
and  lead-matte.  The  reason  of  this  is  the  same  as  by  the  ore-smelting — 
it  is  for  the  purpose  of  dissolving  the  zinc. 

192.  The  manipulation  of  the  furnaces  with  eight  tuyeres  is  the  same 
as  described  by  the  smelting  of  ore.  The  pressure  of  blast  is  also  the 
siiuie.  About  50,000  kilograms  are  smelted  per  day.  One  kilogram  coke 
smelts  10  kilograms  of  charge,  less,  therefore,  than  by  the  ore-smelting. 
The  slag  produced  is  quite  basic.  The  author  is  unable  to  give  com- 
plete analyses,  but  the  following  will  show  the  principal  ingredients. 
They  are  taken  from  the  work  of  Kast  &  Brauning: 


Slag  from  Muldener  Works. 

SiOj 29.7 

ZnO 8.6 

PbO : 2.5 

Ag 0.0025 


Slag  from  Halsbrttckener  Works. 

SiOa 34.01 

ZnO 7.6 

PbO 1.0 

Ag 0.0015 


193.  The  products  of  this  manipulation  are  : 

a.  Slag,  which  goes  to  the  dump,  as  it  only  contains  0.0025  to  0.002 
j^er  cent.  =8  dwt.  17.66  gr.  to  11  dwt.  15.84  gr.  silver,  and  from  1  to  2 
per  cent.  lead.  Copper-lead-matte,  with  17  to  25  per  cent,  copper,  which 
is  again  smelted. 

h.  Silver-lead,  containing  from  0.6  per  cent,  to  0.7  per  cent.  =  174  oz. 
19  dwt.  to  204  oz.,  2  dwt.  silver,  which,  after  being  liquated  and  refined, 
goes  to  the  Pattinson  process. 

194.  Second  smelting  of  matte. — ^The  object  of  this  operation  is  the 
resmelting  of  the  lead-matte  which  has  been  roasted  in  kilns  or  stalls. 
Silver  ores  rich  in  copper  are  also  often  treated  in  this  operation,  after 
undergoing  a  previous  roasting,  when  deemed  necessary.  The  results 
aimed  at  by  this  manipulation  are  the  concentration  of  the  lead  sulphide, 
iron  protosulphide,  &c.,  contained  in  the  roasted  matte  and  ores,  with 
the  copper  sulphide,  into  a  product  called  copper-matte,  and  at  the  same 
time  to  reduce  the  lead  and  silver  and  slag  off  the  iron  to  within  a  cer- 
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tain  degree.  The  roasted  lead-raatte  is  smelted  vrith  rich  slag  from  the 
ore-smeltiiig  and  with  slag  from  the  operations  of  litharge  and  lead-dross 
reduction.  This  produces  a  thick  flowing  slag.  Cupellation  test  and 
copper  scraps  are  also  generally  added  to  the  charge.  This  operation 
effects  the  further  concentration  of  the  copper  in  the  remaining:  concen- 
trated matte,  and  a  partial  extraction  of  its  lead  and  silver,  of  which 
it  contains  but  a  small  quantity.  Special  care  must  be  taken  in  roasting 
the  copper-matte,  as  it  fuses  much  more  easily  even  than  the  lead-matte. 
It  should  be  mentioned  here  that  the  copper- matte  is  repeatedly  added 
to  the  matte-slag-smelting  until  the  matte  contains  about  23  per  cent, 
copper. 

195.  The  following  will  serve  to  show  the  composition  of  a  charge  for 
the  second  matte-smelting: 

Kilograms. 

Unroasted  copper  lead-matte 100 

Eoasted  pyritous  silv^er-ores 400 

Copper  slimes,  made  into  balls  with  solution  containing  copper- 
vitriol 400 

Slag  from  copper-matte  concentration 400 

Slag  from  ore-smelting , 3, 333 

196.  The  production,  besides  silver-lead,  which  is  liquated,  refined,  and 
then  desilverized  by  the  Pattinson  process,  are,  concentrated  matte,  con- 
taining 0.16  per  cent.  =  43  oz.  13  dwt.  14.40  grs.  silver,  13  per  cent, 
lead,  and  30  to  42  per  cent,  copper.  The  slag  is  so  poor  that  it  under- 
goes no  further  treatment.  Speiss  is  very  often  produced  5  also,  plumbif- 
erous  black  copper,  carrying  arsenic,  lead,  and  antimony.  The  black 
copper  is  either  smelted  over  with  the  slag-litharge  reduction,  raw 
copper-matte,  raw  copper-ore,  and  silver-lead,  or  is  added  to  the  matte- 
smelting  charge. 

197.  The  following  will  serve  to  show  the  changes  which  the  matte- 
undergoes  during  its  three  operations  of  concentration  : 

1st.  The  matte  contains  6.25  per  cent.  =  72  oz.  17  dwt.  14.4  grs.  silver, 
15  per  cent,  lead,  and  6  to  12  per  cent,  copper. 

2d.  The  matte  contains  0.23  per  cent.  =  69  oz.  0  dwt.  19.2  grs.  silver, 
21  per  cent,  lead,  and  20  to  25  per  cent,  copper. 

3d.  The  matte  contains  0.17  per  cent.  =  49  oz.  10  dwt.  4.8  gr. 
silver,  15  per  cent,  lead,  and  33  to  44  per  cent,  copper. 

An  analysis  of  the  3d,  or  concentrated,  copper-matte,  made  iu 
Clausthal,  of  matte  from  the  operation  of  May,  1870,  shows  the  follow- 
ing composition  : 

Per  cent. 

Copper 32. 9 

Silver 0. 25 

Lead 15.0 

Iron 19. 5 

Sulphur 23. 8 
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198.  Boasting  of  the  concentrated  copper-matte. — ^Tlie  copper- matte,  con- 
taining on  an  average  40  per  cent,  of  metallic  copper,  is  finely  crashed, 
and  so  roasted  in  long  reverberatory  fnrnaces  that  it  only  contains  about 
5  per  cent,  of  sulphur.  This  is  accurately  observed,  for  the  roasting  must 
not  be  conducted  too  far,  otherwise  there  would  be  a  lack  of  sulphur  in 
concentrating  the  matte  in  reverberatory  furnaces,  to  form  with  the 
copper  a  disulphide;  and  also,  on  the  other  hand,  it  must  be  carried  far 
enongh,  in  order  that  the  protosulphide  of  iron  be  converted  into  sesqui- 
oxide  of  iron  as  completely  as  possible,  so  that  it  may  be  slagged  off. 
For  the  last-mentioned  reason,  the  roasting  jis  carried  a  little  too  far, 
thus  not  leaving  sufficient  sulphur  to  form  a  disulphide  with  all  the 
copper,  but  during  the  following  concentration,  substances  containing 
sulphur  are  added  in  sufficient  quantities  to  make  up  the  deficiency. 
The  material  used  for  this  purpose  is  raw-copper-matte. 

199.  As  the  concentrated  matte  fuses  very  easily,  on  account  of  its 
high  percentage  of  copper,  it  cannot  well  be  roasted  in  kilns  or  shaft- 
furnaces,  and,  consequently,  cannot  be  employed  for  the  manufacture  of 
sulphuric  acid.  Formerly  it  wasroasted  in  muffle-furnaces;  but  at  present 
a  small  reverberatory  furnace  with  double  hearth  is  employed  for  this 
purpose.  Any  small  reverberatory  furnace  could,  however,  be  made  to 
fulfill  the  same  purpose. 

The  furnace  is  continually  charged  every  three  hours  with  10  to  14 
cwt.  of  concentrated  matte,  and  about  80  to  110  cwt.  can  be  roasted  daily. 
The  temperature  is  always  kept  at  a  lower  degree  than  in  the  roasting 
of  ores  or  other  metallurgical  products.    The  consumption  of  fuel  per 

cwt.  of  copper-matte  amounts  to  30  ^r  36  cwt.  of  bituminous  coal,  of 
'^  ^  poor  quality,  which  contains  from  20  to  25  per  cent.  ash. 

The  cost  of  roasting  100  cwt.  of  matte  in  1869  was  a«  follows : 

•Thaler.    8^^.    Pf. 

Wages,  including  transportation 5      25    10 

Fuel 4      16     6 

B^air  of  furnace  and  tools 4      19      1 

Total 16      1     4 

The  cost  of  crushing  100  cwt.  of  the  matte  amounted  to  37  thaler. 

200.  After  the  matte  has  been  roasted^  its  principal  ingredients  are 
oxide  of  copper,  basic  sulphate  of  copper,  basic  sulphate  of  the  sesqui- 
oxide  of  iron,  metallic  silver,  sulphate  of  silver,  sulphate  of  lead,  oxide 
of  zinc,  oxide  of  nickel,  oxide  of  cobalt,  and  some  arseniates  and  anti- 
moniates. 

201.  Concentration  of  the  concentrated  matte  in  reverberatory  furnaces. — 
The  construction  of  the  reverberatory  fnmaee  is  as  follows:  The 
foundation  of  the  furnace  is  either  composed  of  bricks  or  broken  gneiss  • 
the  surrounding  walls,  however,  of  bricks.  It  has  two  principal  parts, 
namely,  the  fire-box  and  the  smelting  hearth.    The  former  consists  of  a 

II  -  ■         ■  ^.      ■■  ■  ■  11  ■    ■— ^l^  ■-  »■         ■■■■■  ■■  i.B^i  ,1  ■■ 

•  A  thaler = 30  silbergroschen  ;  one  ailbergroschen  =  12  pfennige.  A  thaler  =  71  oentfi  gold. 
6  H 
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wiD(l-furDace  and  an  ash-pit,  separated  from  each  other  by  the  grate. 
The  smeltiDg-hearth  is  separated  from  the  fire-place  by  the  fire-bridge; 
opposite  the  firebridge,  and  in  the  arch  over  the  hearth,  is  situated  the 
flue  opening,  connecting  with  a  chimney  by  means  of  an  inclined  due. 
Iron  plates  form  the  lowest  part  of  the  hearth,  these  resting  ui>oq  pillars 
below  the  floor  of  the  furnace-house.  These  pillars  are  generally  built 
of  well-burnt  brick.  On  top  of  the  iron  plates  there  is  a  layer  of  bricks, 
and  on  this  comes  the  smelting-hearth,  which  is  composed  of  five  pan.s 
of  finely-crushed  quartz  and  one  part  of  slag.  The  hearth  is  oval  and 
concave,  and  has  a  slight  incline  toward  the  tap-hole.  It  is  spaDned  by 
an  arch,  which  at  the  same  time  covers  the  fire-place.  In  the  center  i»i 
this  arch  is  a  charging-hole.  The  fire-bridge  is  composed  of  a  mixtor^ 
of  unburnt  fire-clay  and  dust  of  fire-bricks,  (chamotte,)  and  rests  upon 
an  iron  plate.  Passing  through  it  is  an  air-canal,  which  serves  to  keep 
it  cool.  On  either  of  the  longer  sides  of  the  furnace  are  two  openings, 
(generally  kept  bricked  up,)  through  which  a  man  can  pass  into  the  fur- 
nace, in  order  to  make  repairs  when  necessary.  The  fire-place  is  fur- 
nished with  a  charging-door ;  opposite  the  fire-bridge  is  a  working-door 
under  the  flue,  which  can  be  opened  and  closed  by  means  of  a  fire-clay 
slab  attached  to  a  lever.  In  front  of  the  working-door  there  is  a  hori- 
zontal bar,  upon  which  the  heavy  furnace  implements  can  rest  when 
not  in  use.  The  tap-hole  is  on  the  side  opposite  to  the  fire-place  door. 
All  parts  of  the  furnace  which  come  in  contact  with  the  flames  are  con- 
structed of  fire-clay  bricks.  The  furnace  and  chimney  are  well  anchored. 
Behind  the  anchor-rods  are  cast-iron  plates.  The  flue  connects  with  a 
flue-shaft,  the  gases  passing  through  this  flue  into  condensation-cham- 
bers or  directly  into  the  chimney.  This  grate  is  4  feet  square,  and  has 
thirteen  wrought-iron  bars  4  feet  long  and  2  inches  square.  The  ash-pit 
is  5  f^t  6  inches  high.  The  fire-door  is  16  inches  wide  on  the  outside  and 
4  inches  on  the  inside ;  on  the  outside  18  inches  high  and  14  inches  on 
the  inside.  It  is  lined  with  thin  iron  plates.  The  fire-bridge  is  4  feet 
long,  2  feet  6  inches  wide,  and  12  inches  high  above  the  hearth ;  above 
the  grate,  3  feet  2  inches  high.  The  length  of  the  hearth,  from  the  fire- 
bridge up  to  the  wall  of  the  working-door  opposite  to  it,  is  13  feet ; 
the  greatest  width  is  8  feet ;  at  the  fire-bridge  it  is  4  feet  wide,  and  auder 
the  flue-opening  only  1  foot  2  inches.  Its  greatest  depth  near  the  tap- 
hole  is  16  inches.  The  flue-opening  in  the  arch  over  the  hearth  has  the 
shape  of  a  trapezium,  and  is  12  inches  wide,  2  feet  8  inches  long  at  the 
back,  and  2  feet  4  inches  in  front.  The  height  of  the  flue  at  this  point 
is  1  foot  6  inches,  measured  at  right  angles  to  its  incline.  The  section 
of  the  flue-canal  where  it  opens  into  the  chimney  measures  22  inches  in 
width  and  2  feet  6  inches  high.  The  chimney  is  60  feet  high,  and  con- 
sists of  an  outside  wall  and  lining,  and  is  2  feet  4  inches  wide,  inside 
measurement.  The  stone  supporting  pillars,  generally  ten  in  number, 
are  in  horizontal  section  12  inches  square,  and  are  2  feet  6  inches  high. 
The  iron  plates  composing  the  lower  part  of  the  hearth  are  2  inches 
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thick,  2  feet  wide,  and  vary  in  length  according  to  the  shape  of  the 
hearth.  The  air-slit  in  the  fire-bridge  is  3  inches  wide  and  16  inches 
high.  The  tap-hole  has  a  diameter  of  8*  inches -in  the  interior  of  the 
furnace,  and  on  the  exterior  of  3  4nches.  The  arch  over  the  hearth  is 
12  inches  thick ;  the  charging-hole  in  the  arch  measures  12  inches  sqnare. 
The  layer  of  bricks  resting  on  the  hearth-plates  is  6  inches  thick,  and  the 
layer  above,  of  melted  quartz  and  slag,  is  12  inches  thick. 

202.  Melting  an  the  hearth. — The  proper  conduction  of  this  operation  is 
as  important  as  it  is  difficult.  The  material  used  is  a  mixture  of  five 
parts  of  finely-crushed,  burnt,  and  sieved  quartz  and  one  part  of  raw 
slag,  which  has  been  treated  similarly  to  the  quartz.  After  these  mate- 
rials have  been  carefully  mixed,  about  50  cwt.*  of  the  mixture  is 
charged  upon  the  hearth  of  the  furnace  and  evenly  spread  out.  It  is 
then  brought  to  a  red-heat  and  well  raked  until  all  moisture  has  been 
removed.  Then  begins  the  forming  of  the  hearth  with  the  "forming- 
ladle;"  this  accomplished,  the  furnace  is  closed  on  all  sides,  and  all 
crevices  between  the  doors  and  walls  are  luted  with  fire-clay ;  the  fur- 
nace is  then  fired  up  as  strongly  as  possible.  After  twelve  hours  of 
continual  firing,  during  which  time  the  hearth-material  has  become 
pasty,  and  appears  glazed  on  the  surface,  the  furnace  is  opened  and  the 
hearth  examined,  in  order  to  discover  if  any  cracks  have  formed  in  the 
layer.  If  such  is  the  case,  the  hearth-material  must  be  drawn  out  of 
the  furnace  and  the  operation  performed  over  again.  Twenty  more 
hundred-weight  of  slag  are  now  melted  on  the  hearth,  in  order  to  give 
it  greater  durability,  and  after  it  has  been  drawn  out  through  the  work- 
ing-doors into  the  sand-beds,  the  actual  operation  of  matte-concentra- 
tion begins.  A  hearth  prepared  in  this  manner  will  generally  last  from 
one  and  a  quarter  to  one  and  a  half  years.  The  life  of  the  arch  over 
the  hearth  is  about  one  and  a  half  to  two  years.  The  slag-beds  in  front 
of  the  working-doors  are  composed  of  a  layer  of  moistened  sand  and 
coal-ashes.  In  front  of  the  tap-hole  and  along  the  entire  length  of  the 
furnace  are  a  number  of  cast-iron  pans  having  the  shapes  of  truncated 
pyramids.  The  matte  is  tapped  off  into  these  pans,  which  connect  with 
each  other  by  troughs. 

203.  We  will  now  proceed  with  the  matte-concentration  in  reverbera. 
tory  furnaces.  This  operation  has  for  its  object  the  production  of  a 
bisulphide  of  copper,  containing  at  least  70  per  cent,  of  metallic  copper? 
and,  at  the  same  time,  to  separate  the  oxide  of  iron  and  the  other  metal- 
lic oxides,  by  slagging  them  off.  The  iron,  especially,  must  be  separated 
from  the  matte  to  within  at  least  0.2  per  cent.,  if  the  following  operation 
of  the  production  of  copper-vitriol  is  to  be  conducted  to  advantage.  The 
roasted  concentrated  copper-matte  is  smelted  in  reverberatory  furnaces 
with  baryte,  quartzose,  and  dry  silver-ores,  {diirrerzej)  carrying^^iMnuch 
baryte  as  gangue.  The  roasted  matte  is  principally  composed  of  metal- 
lic oxides,  and  contains  such  a  small  amount  of  sulphur  that  it  is  not 

*'  I  centner,  or  cwt.  =  110  poands  English. 
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safficient  to  convert  all  the  copper  into  a  disolphide.  The  lack  of  this 
element  is  sapplied  by  baryte,  (Ba  O,  SO3.)  This  is  reduced  to  sulphide 
of  barium,  which,  in  Qontact  with  oxide  of  copper,  is  converted  into  sal. 
pbide  of  copper  and  oxide  of  barium.  .The  sulphide  of  copper  produces 
the  concentrated  copper-matte;  and  the  oxide  of  barium,  it  being  a 
strong  base,  combines  with  the  silicic  acid  and  is  thus  carried  off  by  the 
slag.  A  reaction  can  also  take  place  in  a  different  manner ;  the  baryte, 
on  being  smelted,  together  with  silicic  acid,  would  part  with  its  sul- 
phuric acid,  which,  on  coming  in  contact  iiiMi  jjiiirJi^nf  copper,  wonkl 
be  reduced  and  form  a  disulphide  with  that  metal.  The  silver  is  dis- 
solved  in  the  matte  as  sulphide  of  silver. 

204.  The  operation  can  never  be  so  accurately  conducted  so  that  slag 
and  concentrated  matte  only  will  result ;  some  black  copper,  containing 
lead  and  matte,  poor  in  copper  and  rich  in  iron  and  sulphur,  is  almost 
always  produced.  The  production  of  black  copper  could  be  avoided  if 
the  roasting  of  the  concentrated  matte  were  not  conducted  so  far,  but  if 
this  were  done,  too  much  protosulphide  of  iron  would  remain  in  the 
matte.  The  flaxes  used  in  the  smelting  are  quartz,  or  siliceou8|^dry  sil- 
ver-ores and  bary te,  the  latter  also  supplying  any  lack  of  sulphnr  in  the 
charge.  If  metallic  copper  forms,  several  hundred-weights  of  roasted 
concentrated  matte  are  added  to  the  charge.  The  general  make-op  of 
the  charge  is  as  follows : 

Per  charge  per  100  owt.  of  concentrated  matte. 

Boasted  concentrated  matte 22  cwt. 

Baw  copper-matte  from  the  same 
operation 3  to  6  22  cwt.  14  to  27  cwt 

Black  copper-matte  from  the 
same  operation 5  cwt.  23  cwt. 

Baryte 6  to  7  5  cwt.  25to30cwt. 

Unroasted  siliceous,  dry  silver- 
ores 3to5  5  cwt.  14  to  23  cwt. 

Sometimes,  during  the  first  part  of  the  smelting  operation,  floorite 
instead  of  baryte  is  added  in  order  to  make  a  more  fusible  slag.  All 
material  composing  the  charge,  with  the  exception  of  the  black  copper, 
is  finely  crushed.  Bituminous  coal,  of  the  l>est  quality  possible,  is  em. 
ployedas  fuel. 

205.  Manipulation. — The  manipulations  areas  follows:  As  soon  as  the 
charge  has  been  put  into  the  furnace,  it  is  spread  out  over  the  hearth,  a 
greater  amount  being  placed  near  the  fire-bridge  than  elsewhere.  This 
serves  to  protect  the  fire-bridge  from  the  great  heat,  and  a  part  of  the 
charge  melts  much  quicker.  After  this  has  been  executed,  a  layer  of  loam 
is  placed  before  the  working-door  and  tightly  pressed  down  with  the 
shovel  upon  the  lower  side  of  the  door.  This  serves  as  a  dam  to  the  molten 
slag,  which  would  otherwise  flow  over  the  door,  especially  if  the  furnace 
contained  several  charges.    The  working-door  is  now  closed  by  lowerin  g 
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the  fire-clay  slab,  before  mentioned,  and  all  crevices  are  staffed  with 
moistened  sand.  The  grate  is  well  cleaned  oat  and  the  fire-places  filled 
with  fuel  ap  to  the  top  of  the  fire-bridge,  in  order  to  produce  as  high  a 
temperatare  in  the  furnace  as  possible.  The  grate  is  cleaned  every  half 
hour  by  poking  from  below  in  the  ash-pit.  It  is  cleaned  from  clinkers 
by  passing  an  iron  rod  tbroagh  the  fire-door,  but  in  such  a  manner  that 
as  little  heat  as  possible  may  be  lost.  From  two  and  a  half  to  three 
honrs  after  the  charge  has  been  spread  over  the  hearth,  it  is  in  a  molten 
state,  when  the  furnace  works  well,  and  the  charge  must  then  be  worked 
through  with  an  iron  rabble,  in  order  to  avoid  the  formation  of  accretions 
on  the  bottom  of  the  hearth.  The  doors  are  now  again  closed  and  the 
fire  urged  to  its  utmost.  The  condition  of  the  hearth  is  the  only  means 
which  the  smelter  has  to  judge  of  the  progress  of  the  smelting,  and  this 
he  must  inform  himself  of  when  working  through  the  charge  with  the 
rabble.  For  instance,  if  in  passing  the  rabble  over  the  surface  of  the 
hearth  it  feels  as  if  it  were  sliding  over  a  sandy  surface,  the  hearth  is  in 
proper  condition  and  the  charge  is  completely  melted.  On  the  other 
hand,  if  the  hearth  should  feel  greasy  or  smooth,  the  heat  must  be  in- 
creased. From  one-half  to  three-fourths  of  an  hour  after  the  charge  has 
been  rabbled,  the  slag  is  drawn  out  over  the  working-door  by  means 
of  a  short  slag-hoe,  and  runs  on  the  slag-bed,  on  the  floor  of  the  smelt- 
ing-hoase.  The  slag  is  allowed  to  cool,  and  is  then  drawn  out  with 
hooks,  placed  upon  a  slag-car  and  transported  to  the  slag-heap.  The 
slag-bed  has  been  destroyed,  by  the  slag  flowing  on  to  it,  and  therefore 
has  to  be  made  over  again.  After  the  slag  has  been  withdrawn  from 
the  furnace  a  new  charge  is  allowed  to  fall  upon  the  hearth,  a  new  slag- 
dam  is  made  upon  the  working-door,  and  thei^melting  is  conducted  in 
the  same  manner  as  before.  After  the  second  charge  has  become 
smelted  and  the  slag  removed,  a  third  'charge  is  added,  and  when  the 
hearth  has  become  filled  with  matte,  the  furnace  is  tapped  and  the  matte 
flows  out  into  the  iron  basins  under  the  tap-hole.  A  charge  weighs 
from  33  to  36  cwt.  In  twenty -four  hours  from  four  to  six  charges  are 
smelted,  and  two  to  three  tappings  generally  take  place.  The  matte  on 
becoming  cool  is  pried  out  of  the  basins,  placed  on  small  carts  and  car- 
ried away.  The  matte  is  not  granulated  when  tapped  off,  as  the 
granules  would  not  be  small  enough  for  its  further  manipulation.  Before 
the  matte  is  delivered  over  to  the  copper-vitriol  works,  its  percentage 
of  iron  is  determined,  and  if  it  amounts  to  more  than  0.2  per  cent,  it 
must  pass  once  more  through  the  operation  of  concentration.  After 
every  tapping  the  interior  of  the  furnace  is  patched  with  a  moistened 
mixture  of  two  parts  of  finely  crushed  quartz  and  one  part  of  fire-clay. 
This  is  made  up  into  balls,  placed  upon  the  under  side  of  a  long  ladle  and 
stamped  by  means  of  the  same  about  the  fire-bridge  and  round  the  sides 
of  the  hearth.  In  order  to  be  able  to  see  the  parts  which  need  repair- 
ing  most,  a  new  charge  is  allowed  to  fall  upon  the  hearth,  and  as  this 
lowers  the  temperature  considerably,  the  light  is  not  quite  so  blinding. 
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206.  Three  men  work  at  each  farnace,  viz,  one  smelter  and  two  assist- 
ants ;  they  make  twel  7e-hour  shifts.  The  smelter  is  paid  18  to  25  silber- 
groschen,  and  the  two  assistants  receive  15  to  17  silbergroschen  per  shift 
The  consumption  of  fuel  per  twenty-four  hours  amounts  to  7,600  poands= 
3,800  kilograms  of  common  coal,  and  a  like  amount  of  coal  of  a  poorer 
quality. 

207.  The  products  of  this  operation  are : 

a.  Plumbiferous  black  copper,  assaying  from  0.50  to  0.60  per  cent.  = 
145  oz.  16  dwt.  to  174  oz.  19  dwt.  16  gr.  silver,  20  to  25  per  cent  lead, 
and  from  50  to  60  per  cent,  copper.  Part  of  it  goes  to  the  ore-smelting, 
and  another  part  goes  through  the  same  concentration  operation  again. 

b.  Concentrated  copper-matte,  assaying  from  0.29  to  0.40  per  cent.  = 
84  oz.  10  dwt.  19.2  gr.  to  116  oz.  12  dwt.  silver,  3  to  7  per  cent  lead, 
and  70  to  73  per  cent,  copper.  It  also  contains  at  the  highest  0.3  per 
cent,  iron,  otherwise  the  matte  would  not  be  fit  for  treatment  with  sul- 
phuric acid,  as  the  copper-vitriol  produced  must  be  free  from  this  im- 
purity. 

c.  Slag,  carrying  0.005  per  cent.  =  1  oz.  9  dwt.  3.84  gr.  silver,  9  per 
cent,  lead,  and  6  per  cent,  copper.  When  it  is  richer  in  metals  than 
here  given  it  passes  through  the  same  operation  again,  but  it  generally 
goes  to  the  ore-smelting,  where  it  gives  a  flux  of  the  desired  quality.  It 
is  quite  fusible,  blackish-brown  in  color,  and  has  a  high  specific  gravity, 
in  consequence  of  its  high  percentage  of  bary te ;  but  notwithstanding 
this  fact  it  separates  well  from  the  matte. 

208.  Mamifacture  of  copper-vitrioL — ^The  copper-vitriol  is  mannfao- 
tured  at  the  Halsbriicken  Works,  and  for  this  purpose  the  concentrated 
roasted  copper-matte  is  se#t  there  from  the  Muldener  Works.  The  prin- 
cipal product  of  the  copper-matte  concentration  in  reverberatory  fur- 
naces is  the  concentrated  copper-matte,  and  it  is  from  this  product  that 
the  copper- vitriol  is  manufactured.  Its  principal  ingredient  is  disul- 
phide  of  copper,  but  it  is  also  generally  impregnated  with  metallic 
copper,  which,  by  stamping,  is  flattened  and  separated  from  the  matte 
by  the  following  operation  of  sieving. 

The  chemical  composition  of  the  concentrated  matte  is  at  the  present 
time  about  as  follows : 

Per  cent. 

Copper 69.00  to  74.00 

Lead 3.00  to   7.00 

Silver 0.30  to   0.40 

Iron , 0.20  to  

Cobalt  and  nickel 0.30  to  

Arsenic  and  antimony 0.50  to   1.00 

Sulphur 14.00  to  19.0<> 

209.  Before  the  concentrated  matte  is  treated  with  sulphuric  acid,  it 
undergoes  an  operation  of  crushing  and  roasting,  in  order  to  convert  the 
disulphide  of  copper  and  sulphide  of  silver  into  oxide  of  copper  and 
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metallic  silver.  It  is  crashed  nuder  stamps  and  then  thrown  on  to  a 
sieve,  which  has  five  meshes  per  square  centimeter.  The  roasting  is 
conducted  in  Freiberg  muffle  roasting-furnaces  with  double  hearth.  The 
muffle,  however,  is  not  made  use  of,  the  matte  being  charged  only  on  the 
hearth. 

An  arrangement  has  lately  been  adopted  by  which  the  entrance  of 
the  hot  gases  from  the  lower  hearth  into  the  upper  may  be  regulated 
by  means  of  a  damper,  but  are,  under  the  present  circumstances,  con- 
ducted directly  away.  The  concentrated  matte  agglomerates  very 
easily,  and  must  at  first  be  roasted  with  the  greatest  care,  at  a  very  low 
temperature,  and  accompanied  by  continual  workings  of  the  charge. 
The  temperature  must  not  be  raised  until  a  greater  part  of  the  sulphur 
has  escaped. 

In  consequence  of  the  above  reasons,  only  one  charge  can  be  roasted 
at  a  time.  An  average  charge  is  about  500  kilograms,  and  it  should 
not  lie  on  the  hearth  more  than  5  centimeters  thick. 

The  roasting  lasts  sixteen  hours.  During  the  first  six  hours  the  fur- 
nace is  kept  quite  dark;  during  the  next  four  hours  a  moderate  temper- 
ature is  employed ;  and  in  the  following  three  hours  it  is  gradually 
increased  to  a  white  heat,  the  charge  remaining  under  its  influence  for 
three  hours  longer,  and  constantly  stirred. 

If  the  stirring  of  the  charge  should  be  discontinued,  protoxide  of  cop- 
per would  be  formed  in  large  quantities,  which,  on  being  treated  with 
dilute  sulphuric  acid,  would  be  decomposed  and  converted  into  peroxide 
and  metallic  copper,  and  this  would  cause  the  extraction-residues  to 
contain  large  amounts  of  coppei*. 

The  roasted  matte  should  therefore  appear  bluish-black  from  perox- 
ide, and  not  red,  as  this  latter  color  shows  the  presence  of  the  protoxide 
of  copper.  It  always  contains  from  0.5  to  1.5  per  cent,  sulphur,  and  on 
an  average  1  per  cent.,  in  consequence  of  the  formation  of  small  agglom- 
erated lumps  during  th^  first  part  of  the  roasting  operation.  This  can- 
not be  well  avoided.  The  lead  contained  in  the  matte  also  helps  to  re- 
tain a  portion  of  the  sulphur,  as  the  sulphate  of  lead  formed  is  not 
decomposed  in  the  highest  of  temperatures. 

210.  Two  workmen  are  necessary  to  each  furnace ;  they  make  ten- 
hour  shifts,  and  are  paid  from  15  to  18  silbergroschen.  Only  from  13  to 
14  hundredweight  of  matte  can  be  roasted  in  twenty -four  hours  in  one 
furnace.  The  consumption  of  fuel  per  5,000  kilograms  of  charge 
amounts  to  from  5,500  to  6,000  kilograms  of  bituminous  coal  of  the  best 
quality  possible. 

211.  After  having  passed  through  the  operation  of  roasting,  the 
charge  is  sifted;  the  remaining  lumps,  consisting  of  agglomerated  sul- 
phide of  copper  and  lead,  are  again  crushed  and  roasted;  that  which 
passes  through  the  sieve,  however,  is  ground  still  finer,  until  it  is  almost 
of  the  consistency  of  powder.  It  principally  consists  of  the  following 
substances :  peroxide  of  copper,  small  amounts  of  sulphate  of  peroxide 
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of  copper,  protoxide  of  copper,  metallic  silver,  also  gold  and  salphate  of 
lead;  besides  these,  it  contains  small  amouuts  of  oxide  of  iron,  oxide  of 
cobalt,  oxide  of  nickel,  basic  arseniate,  and  antimoniate  salts,  among 
which  there  is  perhaps  a  small  amoant  of  arseniate  of  silver. 

212.  Treatment  of  the  roasted  copper-matte  with  sulphuric  acid, — If  the 
roasted  matte  be  treated  with  dilate  sulphuric  acid  for  some  time, 
and  boiled,  the  peroxide  of  copper  and  the  other  metallic  oxides  will 
dissolve,  while  metallic  silver  gold,  and  salphate  of  lead  remain 
undissolved.  The  presence  of  protoxide  of  copper  causes  the  precipi- 
tation of  the  metallic  copper,  and  although  it  precipitates  any  metallic 
silver  which  may  have  been  dissolved,  still  it  is  not  desirable  that 
it  should  be  present  in  large  quantities,  as  it  remains  undissolved.  Pe- 
roxide of  iron,  oxide  of  nickel,  aud  oxide  of  cobalt  are  only  dissolved 
in  small  quantities,  and  very  slowly,  while  the  solution  is  cold,  but  when 
the  solution  is  boiled,  they  are  completely  dissolved,  and  enter  into  the 
vitriol  solution.  In  the  presence  of  metallic  copper  and  the  protoxide, 
the  oxides  are  converted  into  protoxide  salts.  The  arseniate  aud  anti-  - 
moniate  salts,  especially  the  basic  arseniate  and  antimoniate  of  silver, 
are  only  slowly  decomposed  in  cold  dilute  sulphuric  acid,  but  on  heating 
they  are  rapidly  decomposed,  whereby  sulphate  salts  and  uncombined 
arsenic  acid  and  hydrated  antimonic  acid  are  formed,  the  latter  of  which 
partially  remains  undissolved,  while  all  the  other  substances  remain  in 
solution.  The  silver  dissolved  in  this  manner  is,  however,  immediately 
precipitated  when  metallic  copper  or  its  peroxide  is  present. 

213.  It  will  be  perceived  from  the  foregoing,  that  there  remains  an 
undissolved  residue,  when  the  roasted  concentrated  copper-matte  is 
treated  with  dilute  sulphuric  acid,  which  consists  of  metallic  silver,  gold, 
copper,  sulphate  of  lead,  and  hydrated  antimonic  acid;  the  solution,  ou 
the  other  hand,  contains  the  sulphate  salts  of  peroxide  of  copper,  nickel, 
cobalt,  and  iron  peroxide ;  also  a  small  amount  of  arsenic  acid  and  anti- 
monic acid.  Copper-vitriol  is  produced  from  thasolution  by  crystalliza- 
tion, whereby  the  other  salphate  salts  remain  in  the  mother-liquid. 

214.  The  fine  powdered  state  which  the  matte  is  in,  and  necessary 
to  the  operation  of  dissolving,  offers  difficulty  to  the  practical  working 
of  the  process,  as  thick  crusts  are  easily  formed,  which  are  impregnated 
with  sulphate  of  copper.  At  present  this  disadvantage  is  overcome  by 
passing  steam  through  the  solution  during  the  process  of  dissolving. 
High  cylindrical  vessels  of  solid  antimonial  lead  have  been  employed 
for  several  years  in  dissolving  the  matte.  They  have  a  capacity  of  1.34 
cubic  meters;  just  above  the  bottom  there  is  a  short  pipe,  used  for  letting 
off  the  silver  slimes.  There  are  eight  of  these  dissolving-vessels ;  four 
of  them  are  employed  for  dissolving  the  roasted  matte  and  the  other 
four  for  the  redissolving  of  the  raw  vitriol.  They  weigh  from  1,250  to 
1,500  kilograms,  and  cost  from  200  to  240  thaler ;  they  last,  however, 
for  a  very  long  time.  Above  the  dissolving-vessels  there  are  reservoirs 
for  sulphuric  acid,  water,  and  raw  solution ;  the  liquids  are  forced  up 
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ioto  these  reservoirs  by  means  of  compressed  air.  The  dissolving- ves- 
sels are  filled  0.36  meter  high  with  raw  chamber-acid  of  49°  to  50^  B.;  it 
is  then  brought  to  the  boiling-point  by  passing  superheated  steam 
through  it  for  one  and  one  half  hoars,  it  being  at  the  same  time  thereb}' 
dilated.  The  steam  is  heated  by  means  of  a  system  of  bent  pipes,  which 
pass  over  a  fire-place.  Three  hundred  weight  of  roasted  matte  are  then 
gradually  charged  into  the  vessels,  and  the  liquid  continually  stirred. 
Steam  is  still  passed  through,  in  order  to  raise  the  acid  up  to  its  boiling- 
point.  The  steam-pipe  parses  in  at  the  top  and  down  to  within  0.07  meter 
of  the  bottom,  so  that  the  residues  may  be  continually  kept  in  motion  by 
means  of  the  steam.  The  length  of  this  period  is  about  one  and  one- 
half  hours ;  mother-liquid  is  then  added  until  the  vessel  is  about  full, 
and  the  whole  solution  is  again  raised  to  its  boiling-point  by  steam. 

215.  The  solution,  now  diluted  to  32^  B.,  is  allowed  to  stand  for 
two  hours,  and  is  then  drawn  off  into  a  settling-tank  by  means  of  a 
siphon.  After  remaining  in  the  settling-tank  for  an  hour,  it  is  drawn  off 
into  acrystallizingtank.  The  whole  operation  of  dissolving  lasts  five 
hours;  1,650  kilograms  of  matte  are  dissolved  in  four  vessels  within 
twenty-four  hours.  It  takes  nine  days  to  crystallize  the  vitriol.  The 
first  fourth  of  the  copper-vitriol  crystals  are  ready  for  market  as  raw 
vitriol,  the  other  three-fourths  are  dissolved  again  in  hot  water  and  re- 
crystallized.  The  crystals  are  dissolved  in  a  half-cylindrical-shaped 
vessel  of  leiad,  perforated  on  all  sides;  this  is  hung  within  another  ves- 
sel, of  antimonial  lead,  by  means  of  three  hooks.  The  larger  vessel  is 
filled  with  water.  The  lead-sieve  is  made  half  cylindrical,  in  ofdev  that 
the  steam-pipe  can  pass  into  the  water.  The  good  vitriol  solution  is 
filtered  through  copper  granules  before  being  discharged  into  the  crys- 
tallizing-tank,  in  order  to  separate  any  silver  or  slimes  that  may  have 
been  contained  therein.  The  copper  used  for  this  purpose  is  argentifer- 
ous, finely  granulated.  The  copper-granules  are  placed  in  a  half-cylin- 
drical-shapecl  vessel  of  antimonial-lead,  which  has  a  double  bottom,  the 
r/r/A/'«^^p0rone  being  perforated,  and  covered  with  linen,  to  avoid  the  falling 
through  of  the  granules.  This  manipulation  of  filtering  also  serves  to 
make  the  solution  almost  neutral,  whereby  beautiful  large  crystals  can 
be  obtained  from  it. 

Sheet-copper  is  also  hung  in  the  crystallizing  tank  for  the  purpose  of 
keeping  the  solution  neutral  during  the  operation  of  crystallization. 
When  a  deposit  of  metallic  copper  forms  on  the  sheet-lead  lining  of  the 
tank,  or  even  on  the  crystals,  it  is  an  indication  that  the  solution  is 
about  neutral.  A  deposit  of  slimes  on  the  bottom  of  the  tank  is  not 
considered  of  disadvantage,  though  small  crystals  of  vitriol  form  there,  but 
they  are  again  dissolved  with  the  raw  solution.  It  takes  nine  days  to  crys- 
tallize the  purified  solution.  When  the  operation  is  finished,  the  crys- 
tals are  broken  from  the  lead-strips  and  washed  with  cold  water  in  order 
to  give  th^m  a  better  appearance  and  to  remove  the  pulverized  vitriol, 
made  by  knocking  the  crystals  from  off  the  lead-strips.    The  crystals 
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are  dried  upon  wooden  tables  in  a  special  drying-chamber  and  are 
then  ready  for  market 

216.  The  annual  production  of  copper- vitriol  amounts  to  about  1,050,000 
kilograms.  (1,050  tons  of  1,000  kilograms.)  It  is  manufactured  from 
400,000  kilograms  of  concentrated  copper-matte  with  the  employment 
of  eight  dissolving- vessels  and  one  hundred  and  four  crystallizing-tanks. 
To  this  amount  should  be  added  about  50,000  kilograms  more  of  cop- 
per-vitriol produced  in  the  gold-separating  establishment. 

217.  The  mother-liquid  is  used  again  for  dissolving  the  raw  crystals: 
it  is  then  concentrated  and  crystallized.  The  crystals  hereby  produccil 
contain  0.035  per  cent,  iron,  and  are  again  dissolved,  and  then  go 
through  a  second  operation  of  cr^^stallization  with  the  main  solution : 
the  mother-liquid,  which  is  rich  in  iron  and  contains  1  kilogram  of  cop- 
per to  the  0.024  cubic  meter,  is  removed  and  is  used  in  making  roasting- 
balls  out  of  ore-slimes.  The  argentiferous  residues  remaining  on  the 
bottom  of  the  dissolving-vessels  after  the  treatment  of  the  matte  with 
sulphuric  acid,  are  removed  into  large  pointed  boxes  lined  with  sheet- 
lead  ;  there  they  are  boiled  with  steam  ;  sulphuric  acid  is  added  when 
deemed  necessary,  and  they  are  then  allowed  to  settle.  There  are  two 
of  these  pointed  boxes,  each  connecting  with  a  trough  on  the  side  by 
means  of  rubber-hose,  which  are  furnished  with  Mohr's  spring-clamps. 
The  trough  has  twelve  openings  in  the  bottom,  under  each  of  which 
there  is  a  small  pointed  box.  These  latter  are  perforated  on  all  sides, 
and  on  the  inside  have  a  filter  of  ticking,  which  is  fastened  above  to  a 
lead  frame.  After  the  wash- water  in  the  large  pointed  boxes  has 
become  clear,  it  is  gradually  allowed  to  flow  out  through  the  three 
pipes  in  the  side,  and  is  used  in  the  next  following  operation  of  dissolv- 
ing. The  argentiferous  slime  is  allowed  to  flow  off  into  the  trough 
and  from  here  it  flows  on  to  the  filters  in  the  small  pointed  boxes.  It 
is  scraped  from  the  filters  and  dried  upon  an  iron  hearth.  It  amounts 
to  about  17  per  cent,  of  the  original  amount  of  matte.  In  1869  it  con- 
tained on  an  average,  besides  other  ingredients,  the  following:  1.94  per 
cent.  =  565  oz.  1  dwt.  4.8  gr.  silver,  41  per  cent,  lead,  and  11  per  cent, 
copper.  Lately,  however,  the  copper  contents  have  decreased  to  5  jier 
cent. 

Since  the  solution  from  crystallization  has  been  filtered  through  cop- 
per granules,  stronger  acid  can  be  used  for  dissolving,  without  fear  of 
making  the  vitriol  rich  in  silver;  and  the  amount  of  copper  cont-ained  in 
the  argentiferous  slimes  is  also  decreased. 

The  argentiferous  slimes,  after  having  been  dried,  are  delivered  over 
to  the  operation  of  ore-smelting  for  further  treatment,  where  it  is  added 
in  small  quantities  to  the  ore-charge. 

The  workmen  are  paid  according  to  the  amount  produced,  and  receive 
5.7  silbergroschen  per  50  kilograms  of  raw  vitriol,  and  IJ  silbergroschen 
per  50  kilograms  of  purified  vitrol  produced. 

218.  The  results  of  the  manufacture  of  copper-vitriol  at  the  Halsbriick- 
ner  Works,  in  18G9,  may  be  seen  from  the  following  figures: 
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Total.  Per  cwt.  of  matte. 

Concentrated  copper-matte  dissolved . .  7,943  cwt  30  lbs.  ^ 

Other  material  dissolved 21  cwt.  38  lbs.  /  ^""  ^^^' 

STieet-copperfor  neutralizing  dissolved.        17  cwt.  84  lbs.    0.22 

Eesults. 

Total.         Per  cwt.  of  matte. 

Copper-vitriol,  impure,  (exclusive  of  970 
cwt  from  the  operation  of  gold  separa- 
tion)  19,881  cwt  11  lbs.  f^^^'^^^^*' 

Copper  vitriol,  purified 140  cwt.  15  lbs.  j 

Extraction  residues,  (argent  slimes) 1,306  cwt.  96  lbs.      16.41  cwt 

Solution,  (as  increase  to  the  intermediate  >  3,009  cwt  50  lbs.,  )  go      r^  ^^ 

products  with  3  lbs.  copper  per  cub.  ft)  i  (or  5,420  cub.  ft)  J 
Mother-liquid  with  2  lbs.  copper  per  cub.  )  7,862  cwt  25  lbs.,  >  ^oq      .    ^. 
ft,  (used   for  making  roasting-balls)  ♦  (or  14,295 cub. ft.)  ) 

Jfaterial  conxsumed. 

Raw  chamber  acid 15,668  cwt.  97  lbs. 

Or,  reduced  to  66o  sulphuric  acid 10,028  cwt  12  lbs.  196.7  cwt. 

Cwt.  Cwt. 

Bituminous  coal  for  roasting  matte 9, 286    125. 9 

Bituminous  coal  for  heating  the  steam-boiler 9, 912    116. 6 

Bituminous  coal  for  evaporating  the  solution 8, 058 

Bituminous  coal  for  drying  the  copper- vitriol 1, 566 

Bituminous  coal  for  drying  the  argentiferous  residues  .  -  505 

Total 2,041    251.15 

Prodtuition. 

]S[umber  of  working-days  at  the  roasting-furnace ^  632 

Xamber  of  working-days  at  the  operation  of  dissolving,  &c 300 

In  twenty-four  hours  were — 

Cwt. 

Concentrated  matte,  roasted 12. 6 

Concentrated  matte,  dissolved,  &c 26. 6 

Copper- vitriol  produced 70. 0 

219.  Estimate  of  the  amount  of  metal  extracted  from  matte  in  1869. 

A. — Treated, 
In  3,321  cwt.  70  lbs.  copper-matte  from  the  Muldener  Works,  as — 

Gold.         Silver.  Lead.  Copper. 

Cwt.   lbs.    P.  c.Ag.   P.c.Pb.  P.c.Cu.         Lbs.           Lbs.         Cwt.  lbs.      Cwt.  lbs. 

1,110        ^0.32        3  74     ; 

880  90  A,    0. 34        2  74 

676  90^    0.41        6  69      J^                1,203.45    12136    2,408  32 

295  60  c^    0. 43        4  73 

360  40  ^    0. 40        5  70 


• 
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In  4,619  cwt.  60  lbs.  matte  from  the  Halsbruckner  Works,  as — 

Gold.          Silver.          Lead.            Copper. 
Cwt.   lbs.    P.c.Ag.   P.c.Pb.   P.  c.Cu.  iibs.            Lbs.         Cwt.  lbs.       Cwt-  Us. 
2,583  40  a    0.29        7          69      |  3^^  ^3    3,33.           ^3 
2, 036  20  ^    0. 29        7          73      »  '                                  ' 
Iq  21  cwt.  38  lbs.  other  material  0. 258            8. 25                         18     8 
In  17  cwt.  84  lbs.  copper  for  neu- 
tralizing   0.73                         17  84 

In  5,373  cwt.  solution  from  gold- 
separation  248  91 

Total 0.258    2,552.11    444  73    5,962  12 

B. — Production. 

A,  as  salable  material,  produced — 

Gold.  Silver.         Lead.  Copper. 

Lbs.  Lbs.        Cwt.  Ibe.      Cwt.  Ibss 

20, 991  cwt.  26  lbs.  copper-vitriol 
k  25.4  percent. Cu 5,  331  77 

B,  as  intermediate  products — 

1,306  cwt.  96  lbs.  extraction  resi- 
due, k  1.94  per  cent.  Ag.,  41 
percent.  Pb.,  11  per  cent.  Cu..      0.250    2,535.50    535  83        143  70 

7,862  cwt.  25  lbs.  mother-liquid 
for  making  roasting-balls  = 
14,295  cu.  ft.  ^  2  lbs.  Cu 285  9C» 

• 

C,  as  half-finished  products, 
(after  deduction  of  that  taken 
from  former  year :) 

3,009  cwt.  5  lbs.  solution  =  5,420 
cu.  ft.  k  3  lbs.  Cu 162  60 

Total  production 0. 250    2, 535. 50    535  83    5, 924    3 

Gold.  Silver.         Lead.        Copper. 

Per  cent.      Per  cent.    Per  cent.     Per  cent. 

Amount  extracted  in  per  cent, 
of  metal  contained  in  material        96. 90        99.  35      120. 48        99. 36 

Contained  in  the  waste  mother- 
liquid  4. 79 

Percentage  of  loss 3.10        0.65  0.64 

Sulphur  extracts 20. 48* 

•  Tbe  surplus  of  lead  extracted  can  be  accounted  for  by  the  imperfect  determination 
of  the  lead  in  the  matte.  The  lead  lining  of  the  tanks  is  also  affected  by  the  acid : 
sulphate  of  lead  is  formed,  which  settles  to  the  bottom. 
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The  following  are  the  costs  of  treating  100  cwt.  of  concentrated  matte 

for  the  year  1869 : 

A. — Crushing  and  roasting, 

Thlr.       Sgr.        Pf. 

Wages  for  stamping  add  grinding  the  concentrated 

matte 3  10 

Expenses  in  keeping  stamps  and  mill  in  repair 1  17  5 

Wages  for  roasting .'. 21  9 

Bituminoas  coal 21  5  8 

Kepair  of  roasting-farnace  and  tools 14  16  10 

Total 61        20  8 

B. — Dissolving^  &c. 

Thir.       Sgr.        Pf. 

Wages 46  16  3 

Bituminous  coal  for  heating  steam-boiler,  evaporating 

the  solutions,  drying  the  vitriol  and  residues,  &c. . .  32  13  10 

Sulphuric  acid 116  24  2 

Bepair  of  furnaces,  apparatus,  and  tools 52  2  2 

247        26  6 

Grand  total,  (exclusive  of  general  costs) 309        17  1 

220.  Separation  of  gold  from  silver, — This  operation  consists  in  the  treat- 
ment of  the  refined  and  granulated  silver  from  the  silver-refining  furnace 
witb  concentrated  sulphuric  acid  (66^  B.,)  whereby  the  silver  is  dissolved 
as  sulphate  of  silver,  accompanied  by  the  disengagement  of  sulphurous 
aQid,  and  the  gold  remains  undissolved  in  the  form  of  a  fine  powder.  The 
manipulation  is  conducted  in  a  cast-iron  kettle,  which  stands  over  a  fire- 
place. The  kettle  is  about  40  inches  in  diameter  and  50  inches  deep,  and  is 
covered  with  a  hood  during  the  operation  of  dissolving )  a  pipe  connects 
with  the  hood  through  which  the  sulphurous-acid  vapors  pass  off  into  a 
small  condensing-chamber  of  sheet-lead  for  the  purpose  of  arresting  any 
of  the  silver  solution  which  may  be  carried  over  by  the  gas.  There  is  also 
an  opening  in  this  hood,  through  which'  the  silver  adhering  to  the  bot. 
tom  and  sides  of  the  kettle  during  the  operation,  can  be  removed  by. 
stirring  the  solution.  About  400  kilograms  of  granulate  silver  are 
treated  at  a  time,  whereby  800  kilograms  of  sulphuric  acid*  are  neces- 
sary. At  first  only  350  kilograms  of  sulphuric  acid  are  added,  and  the 
remainder  during  the  continuation  of  the  manipulation.  There  is  an 
energetic  evolution  of  sulphurous  acid  during  the  first  period  of  the 
operation  ]  the  fire,  therefore,  must  be  carefully  regulated. 

221.  After  the  silver  is  completely  dissolved,  the  solution  is  allowed 
to  stand  for  ten  hours  in  order  to  cool  it  ofi:'  and  clarify  the  liquid,  the 
metallic  gold  settling  to  the  bottom.  The  solution  is  then  dipped  out 
with  copper  ladles  into  copper  vessels  and  carried  to  a  tank,  lined  with 
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8heeMead,  into  which  it  is  emptied.  There  is  safidcieiit  water  iu  this 
tank  to  reduce  the  solution  to  20°  B.  The  whole  is  now  stirred  with 
wooden  paddles  and  heated  by  passing  steam  through  it;  the  silver  is 
then  precipitated,  as  metallic  silver,  by  placingsheet-copper  in  the  solu- 
tion. If.  after  testing  the  solution  with  salt,  it  has  been  proved  to  con- 
tain no  silver,  it  is  allowed  to  stand  for  ten  hours,  so  that  the  solution 
may  become  clear.  The  copper-vitriol  solution  is  then  removed  into  a 
second  settling-tank  by  means  of  a  lead  siphon ;  from  here  it  goes  to 
another  tank,  from  which  it  is  forced  up  into  the  evaporating-pans  of 
the  copper-vitriol  establishment.  The  cement  silver  is  sieved  in  a  cop- 
per sieve,  to  free  it  from  small  pieces  of  undissolved  metallic  copper, 
and  is  then  well  washed  with  hot  water  in  a  wooden  vessel  that  has  a 
perforated  bottom,  until  the  wash-water  gives  no  precipitate  with 
chloride  of  barium.  The  wash- water  contains  copper  and  is  again  used 
precipi  tating  the  silver.  The  cement  silver,  after  having  been  well 
washed,  is  pressed  into  cakes  under  a  hydraulic  press ;  it  is  then  heated 
in  iron  retorts  and  melted  in  graphite  crucibles  in  quantities  of  200 
kilograms.  The  melted  silver  is  poured  into  cast-iron  molds,  painted  on 
the  inside  with  talc ;  after  which  it  is  sent  to  the  mint  in  the  city  of 
Dresden.    It  is  \^^  fine,  and  contains  no  trace  of  gold. 

222.  The  gold  residue  js  strongly  impregnated  with  sulphate  of  silver, 
metallic  silver,  and  copper.  It  is,  therefore,  boiled  again  with  hot  water, 
whereby  the  sulphate  of  silver  and  ^copp^r  are  dissolved.  The  wash- 
water  is  put  into  the  silver-precipitation  tank.  The  gold  powder  from 
every  three  operations  is  then  boiled  with  concentrated  sulphuric  acid, 
in  two  cast-iron  pots,  which  dissolves  the  remaining  silver  and  leaves 
the  gold  as  free  from  this  metal  as  possible.  The  first  operation  of  boil- 
ing lasts  eight  hours,  the  second  only  one.  The  resulting  solution  is 
used  for  granulating.  The  gold  is  then  washed  in  a  porcelain  vessel, 
with  hot  water,  in  order  to  remove  any  silver  solution  adhering  to  the 
gold  particles,  until  the  wash-water  gives  no  precipitate  with  salt.  The 
gold  is  now  of  a  brownish-yellow  color,  and  is  dried  in  graphite  vessels 
and  then  heated  twice  in  small  iron  crucibles  with  bisulphate  of  soda, 
and  afterward  boiled  in  sulphuric  acid.  After  each  heating  and  boil- 
ing with  sulphuric  acid,  the  gold  is  thoroughly  washed,  the  gold-dust  is 
Xhen  dried  and  finally  melted  in  Hessian  crucibles  with  saltpeter,  in 
order  to  separate  it  from  platinum.  The  platinum  slag  produced  is 
sent  to  the  laboratory,  where  the  platinum  is  extracted.  After  the  cruci- 
ble has  cooled,  it  is  broken  open  and  the  gold-button  extracted ;  this  is 
melted  again  in  a  graphite  crucible  with  borax,  and  then  poured  into 
small  molds.    It  possesses  a  fineness  of  \^^. 

223.  Extraction  of  bismuth. — The  extraction  of  the  bismuth  is  conducted 
according  to  the  huidsd  method,  whereby  all  ores,  dross,  litharge,  and 
furnace-hearth,  containing  bismuth  are  treated.  The  litharge  and  fur- 
nace-hearth from  the  operation  of  silver-refining  contain  from  8  to  20  per 
cent,  bismuth.    They  are  all  crushed  and  treated  with  hydrochloric  acid 
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and  water,  in  clay  jars  of  10  cubic  feet  capacity.  Each  50  kilograms  of 
heartb  is  treated  with  its  equal  weight  of  hydrochloric  acid  and  10  kilo- 
grams of  water.  The  whole  is  well  stirred,  and  after  several  hours,  water 
is  added  until  the  jar  is  full  to  the  top.  After  the  solution  has  been 
allowed  to  stand  for  twelve  hours,  the  fluid  is  drawn  over  into  a  large 
wooden  vessel,  having  a  capacity  of  50  cubic  feet,  by  means  of  a  siphon , 
This  vessel  is  filled  with  water  at  the  same  time,  and  the  bismuth  in  the 
vsolution  is  thereby  precipitated  as  basic  chloride  of  bismuth  in  the  form 
of  a  white  powder,  (2  Bi  O3,  Bi  CI3.)  In  sixteen  to  twenty-four  hours 
the  precipitate  has  completely  settled  down  on  the  bottom  of  the  vessel, 
and  the  clarified  liquid  is  allowed  to  flow  out  of  the  vessel  into  a  large 
settling-basin,  wherein  any  of  the  bismuth  precipitate,  which  has  been 
carried  off  by  the  liquid,  may  settle  to  the  bottom.  A  fresh  solution  is  now 
put  into  the  emptied  vessel,  water  added,  and  this  operation  repeated 
until  it  is  necessary  to  remove  the  precipitate  on  the  bottom  by  means  of 
opening  the  lower  cocks  on  the  vessel.  The  bismuth  precipitate  is  then 
brought  upon  a  linen  filter  and  is  thus  partially  freed  from  the  acid  solu- 
tion. As  the  bismuth  solution  cannot  be  entirely  drawn  out  of  the 
dissolving- vessels  without  stirring  up  its  contents,  a  single  treatment 
with  diluted  hydrochloric  acid  is  not  sufficient  to  extract  the  whole 
amount  of  bismuth  contained  in  the  products  treated.  The  operation 
must  therefore  be  repeated  as  long  as  any  precipitate  is  formed  by  the 
addition  of  water.  After  the  first  solution  has  been  removed  from  the 
dissolving-vessel,  10  kilograms  more  of  hydrochloric  acid  are  added 
and  the  vessel  filled  to  the  top  with  water,  and,  after  the  precipitate  has 
settled  to  the  bottom,  the  clarified  liquid  is  again  drawn  off,  &c.  Gen- 
erally this  must  be  repeated  from  four  to  six  times  before  the  vessel  can 
be  cleaned  out  for  a  new  portion.  The  bismuth  salt  is  again  dissolved 
in  hydrochloric  acid,  as  it  still  contains  too  much  lead,  and  is  again 
precipitated  with  water.  The  richer  tlie  furnace-hearth  is  in  lead,  and 
the  poorer  in  bismuth,  the  greater  is  the  amount  of  lead  contained  in 
the  first  precipitate,  and  the  oftener  must  the  process  of  dissolving  and 
precipitation  be  repeated,  as  bismuth  containing  more  than  2  per  cent, 
lead  is  difficult  to  sell.  The  bismuth  salt  is  dried  in  a  drying-oven 
heated  with  steam,  and  is  then  smelted  in  a  cast-iron  crucible  with  50 
per  cent,  calcinated  soda,  7.5  per  cent,  charcoal-powder,  3  per  cent,  glass, 
and  reduced  hereby  to  metallic  bismuth. 

224.  There  are  sixteen  dissolving  and  sixteen  precipitation  vessels  at 
the  Muldener  Works,  also  several  filtering  apparatuses.  From  150  to 
200  kilograms  of  raw  products  are  daily  treated. 

Products:  a.  Bismuth  containing  0.06  to  O.IO  per  cent.  =  17  oz.  0  dwt. 
19.2  gr.  to  29  oz.  2  dwt.  silver,  and  1.5  per  cent.  lead. 

b.  Residues  containing  about  1  per  cent,  bismuth;  they  are  reduced. 

The  treatment  of  products  that  do  not  contain  at  least  4  per  cent, 
bismuth  is  not  profitable.  The  annual  production  of  metallic  bismuth 
at  the  Freiberg  smelting- works  amounts  to  about  2,500  kilograms. 
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2  25.  MACHINES,  FURNACES,  AND  APPARATUS  AT  THE  FREIBERG  SMELT- 

ING-WORKS. 

(1.)  MuLDENER  AND  HalsbrI^ckner  WORKS. — Machines :  6  vertical 
water-wheels,  4  turbines,  and  6  steam-engines,  of  140  horse-power,  for 
driving  6  cylinder  blowers,  2  ventilators,  4  stamp-mills  with  46  stamps, 
2  ore-grinding  machines,  2  sieve  machines,  1  rolling-mill,  3  force-pumps, 
and  15  forges  with  various  tool-machines. 

Boasting-apparatus :  18  roasting-stalls  connecting  with  large  subter- 
ranean canals,  8  thribble  and  5  double  agglomerating  roasting-furnaces, 

1  single-hearth  and  6  double-hearth  reverberatory  roasting-furnaces,  and 

2  muffle  furnaces. 

Snieltingapparatus  :  5  blast-furnaces  with  8  tuyeres,  6  blast-furnaces 
with  4  tuyeres,  7  smelting  reverberatory  furnaces,  4  cupellation-fur- 
naces,  2  silver  and  5  lead  refining  furnaces,  3  lead-liquating  turnaces,  2 
silver-smelting  furnaces,  and  43  kettles  in  the  Pattinson  establishments. 

Sublimation-apparatus :  1  arsenic-sublimation  furnace  at  the  Hals- 
briickner  Hutte. 

Condensinga'pparatus :  above  and  under  ground  condensiugchambers, 
with  canal  connections  of:  203,464.7  cubic  feet  =  4,620.86  cubic  meters^ 
capacity  for  the  roasting-furnaces  j  143,772.8  cubic  feet  =  3,265.21  cubic 
meters'  capacity  for  the  blast-furnaces ;  346,425.0  cubic  feet  =  7,867.61 
cubic  meters'  capacity  for  the  reverberatory  furnaces ;  36,487.0  cubic 
feet  =  828.65  cubic  meters'  capacity  for  the  cupellation-furnaces  and 
lead  and  silver  refining  and  liquation  furnaces.  The  total  capacity  of 
all  the  condensing-cnambers,  therefore,  amounts  to  730,149.5  cubic  feet, 
or  16,582.33  cubic  meters. 

Extradition-apparatus :  a  copper-extraction  apparatus,  with  8  dissolv- 
ing-vessels for  copper-matte  and  vitriol,  vitriol-crystallizing  tanks  hav- 
ing a  capacity  of  16,248  cubic  teet,  or  369  cubic  meters,  at  the  Hals- 
briickner  Hutte,  and  a  bismuth-apparatus  of  12  dissolving- vessels,  and 
several  precipitating-vessels  of  768  cubic  feet,  or  17.44  cubic  meters' 
capacity  at  the  Muldener  Htttte. 

Other  arrangements :  1  self-acting  inclined  plane,  and  8  hoisting-appa- 
ratuses, with  7,000  meters  of  tram-way  connections  at  both  works. 

(2.)  Gold-separation  ESTABLISHMENTS  at  HALSBRt)CKNBR  Works  : 
1  gold-separating-apparatus,  with  one  cast-irou  dissolving-kettle,  having 
a  capacity  of  27  cubic  feet,  or  613  cubic  decimeters,  and  three  precipi- 
tating-vessels of  185  feet,  or  4.2  cubic  meters'  capacity. 

(3.)  Muldener  ZINC-WORKS:  3  long  reverberatory  roasting-furnaces,  3 
distillation-furnaces,  constructed  according  to  Siemens's  regenerative 
system,  and  one  zinc-refining  furnace. 

(4.)  At  the  Muldener  arsenical  works  :  8  distillation  tubular 
furnaces  for  realgar,  and  3  galley-furnaces,  2  clarifying-furnaces,  2 
sublimation  roasting-furnaces,  and  20  white  arsenical-glass  furnaces. 

(5.)  Sulphuric-acid  manufactories  of  both  works. — Machines : 
1  turbine  and  4  steam-engines,  having  a  total  of  26  horse-power  j  they 
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charge  the  Oerstenhofer  roasting-farnaces,  and  force  the  acid  up  over 
the  precipitatiDg-tower,  &o. 

BoMting-apparattiB  :  21  kilns  and  12  Oerstenhofer  roasting-farnaces. 

Gondenstng-apparatus :  8  condensing-chambers,  having  a  capacity  of 
118,087  cnbic  feet,  or  2.681.86  cabic  meters,  and  6  lead-chamber  systems, 
composed  of  19  lead-chambers  having  a  capacity  of  710,043  cubic  feet, 
or  16,125.69  cobic  meters. 

(6.)  Othbb  APPARATUS :  3  prccipitating-towers,  with  four  snlphureted- 
hydrogen  generators  for  pnrifying  the  acid,  8  lead-evaporating  pans,  3 
platinum-stills,  4  nitric-acid  apparatuses,  and  3  iron-vitriol-evaporating 
apparatuses  with  crystallizing-tanks,  having  a  total  capacity  of  4,302 
cubic  feet,  or  97.70  cubic  meters. 

(7.)  Metal- WABE  manufaotoby:  1  shot  establishment,  with  a  shaft 
61.4  meters  deep,  2  lead-pipe  presses,  1  lead-rolling  machine,  and  1  lead- 
wire  machine,  driven  by  2  vertical  water-wheels  of  11-horse  power. 

(8.)  Clay  manufactory:  one  10-horse  power  steam-engine  for  run- 
ning a  6-stamp  crushing-mill,  1  grindiug-mill,  1  kneading-machine,  2 
hand  brick-presses,  and  1  clay-baking  furnace. 

(9.)  Bbick  manufactory:  2  brick-burning  furnaces,  with  drying 
arrangements. 

226.  Production  of  the  Saxon  Mines  and  the  Freiberg  Me- 
tallurgical Works  in  1871. — Ore  mined  in  Saxony  and  treated  at 
Freiberg : 

Yalae. 
KUograms.  Thaler.  S>n** 

Mined  in  the  Freiberg  district 27, 357, 025        1, 706, 392  26 

Mined  in  other  Saxou  districts 58, 250  4, 393  29 

Total 27,415,275        1,710,786  25 

Which  contained :  KUograms. 

Gold 0.116 

Sil ver .  26, 286. 907 

Lead 4, 320,  046. 260 

Copper 44, 865. 300 

Zinc 267, 650. 500 

Cobalt  and  nickel 129. 500 

Arsenic -  -  285, 620. 000 

Sulphur 2,  915, 876.  000 

And  a  small  amount  of  bismuth 

Total 7,860,374.573 

The  above  value  of  the  ores  is  calculated  as  follows : 

Tbaler.  Sgr.  *    . 

1,  402, 436  24  paid  according  to  the  ore-tariff. 

S6  293  12   f  supplementary  payment  for  lead,  copper,  zinc,  and  ar- 
'  (     senic,  (vide  ore-tariff  in  appendix.) 

272, 056  19  supplementary  payment  of  the  half  of  clear  gain. 

1,  710,  786  25  • 

7  M 
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The  men  employed  in  the  mioesof  the  Freiberg  district  are:  miae 
officials,  279;  clerks,  50;  laborers  in  mines  and  diessiDg-weffks^  7,343; 
total,  7,672.  This  includes  263  boys,  under  eighteen  years,  of  age,  em- 
ployed in  the  mines^  and  401  boys  employed  in  the  dressing- irorks,  and 
also  575  irregular  laborers. 


227.  PRODUCTS  OF  THE  FEEIBERG  METALLURGICAL  WORKS,  1871. 


Gold 

Silver , . 

Lead-products,  viz : 
Soft  and  hard  lead,  litharge,  and 

fumes 

Shot 

Sheet-lead 

Lead  pipes,  wire,  &c 

Copper- vitriol 

Bismuth ' 

Kickle-matte 

Zinc  and  zinc  oxide 

Dififerent  grades  of  sulphuric  acid . . 

Chemical  products,  viz : 
Iron-vitriol,    soda-snlphate,    nitric 
acid,  &c 

Arsenical  products,  viz : 
Metallic    arsenic,    arsenious    acid, 
oripiment,  &c 


Kilograms. 
54. 83150 
31, 07  L  70400 


3,  711,  845 
94,  611.  5 
291,  638. 5 
315, 610.  5 
1, 637, 200 
3,213 
9,540 
237, 214 
10,218,613.5 


397,  700.  5 


1,125,834.5 


Valoe. 
Thaler.  Sgr. 

50,  710  27 
1,  860,  002  28 


431,587  28 
13, 535  09 
38,288  08 
44,986  06 

227,  004  24 

25,  281  03 

3, 135  01 

26,771  07 

224,  774  15 


9,0g8  00 


92,829  21 


17, 974, 156. 53550 

Total,  359,483.65  centner,  valued  at  3,037,935  thaler  22  silbergroschen. 
The  employed  were : 


Holdener  smeltUiic-workA  tirith  bismuth  extraction 

Muldener  ziDO-works 

Muldener  oraenio-works 

Muldener  sulphuric-acid  manufactory 

Muldener  fire-clay  material  manufactory 

Halsbriickner  smeltins-worka,  with  the  copper-vitriol  manufactory  and 

gold-separation  eataDlishmeut 

Halsbniokner  sulpburic-acid  manufactory 

HalsbrUokner  lead-pipe,  Sec,  manufisotory 

Shot  manufactory  m  Freiberg 
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228.  The  Habz. — The  smelting-works  of  tbe  Upper  and  Lower  Harz 
were  represented  by  statistical  charts,  plans  of  ftimaces,  and  a  complele 
and  systematically  arranged  collection  of  oi^,  metallurgical,  interiil^- 
dlate,  and  final 'products.  The  latter  were  displayed  in  the  following 
groups: 

I._LKAD-SMELTINa. 

.  a.  Or«-*m«?^in^.--Product8  from  Olatisthal:  slag,  matte,  and  silver-lead 
b.  Matte'»fn€lting.--^Frodii(itn  from  Glausthal :  raw  matte  from  ore  and 
matte  smelting,  matte  roasted  in  shaft^furnaces  and  in  heaps. 

II.— DESILYEBIZATION  OP  SILYEB-LEAD. 

a.  Zinedesilverizatlon. — Products  from  Lautenthal :  skimmings, 
(abzug,)  zinc-scum,  (silver-zinc  alloy  ^)  the  same  from  which  the  lead  has 
been  liquated,  (zinc-dust;)  poor  and  rich  orides;  fumes  from  condensa- 
tion-chambers;  poor,  antimouial,  and  enriched  lead. 

b.  Cupellatton. — Products  from  Lautenthal:  abzug;  abstrich;  red  lith- 
arge, arid  silver. 

c.  Silver-refining, — Products  from  Lautenthal:  piece  of  cupellation- 
hearth  impregnated  with  rich  litharge  and  fine  silver. 

III.— GOPPER-SMELTlKa. 

Products  fromAltenau:  concentrated  copper-matte  and  black  copper. 

IV.— BLACK-COPPEir  CESILVERIZATION. 

Products  from  Alteuau :  copper- vitriol  and  cement-silver. 

V. — MANUFACTURE  OF  ARSENICAL  PRODUCTS. 

Products  from  Andreasberg:  White  arsenical  glass,  realgar;  also 
beautiful  and  perfect  crystals  of  arsenious  acid  and  arsen-sulphide. 
These  were  formed  in  roastiug  arsenical  ores  in  free  heaps.  This  collec- 
tion was  intended  to  illustrate  the  processes  as  conducted' at  the  above 
works,  and  to  show  how  the  various  operations  are  divided  between  the 
four  works  in  the  Upper  Harz.  As  the  lead-smelting  is  conducted  at  all 
the  works  in  the  Harz  according  to  the  same  process,  with  only  rinim  - 
portant  variations,  one  description  may  serve  the  present  purpose.  The 
intermediate  and  secondary  process  will  be  considered  as  they  are  per- 
formed at  each  work. 

229.  The  Harz  processes.— The  first  smelting-process  in  the  Harz 
was  performed  by  roastiug  the  ore  in  free  heaps  and  then  smelting  in  low 
furnaces.  The  large  metallic  loss  through  volatilization  in  roasting, 
smelting,  and  through  the  formation  of  slag  containiug  15  to  20  per 
eent.  of  lead,  caused  the  introduction  of  the  iron-precipitation  process 
at  about  the  commencement  of  the  present  century.    This  process  has 
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been  practiced  ever  since,  bnt  has,  in  the  last  few  years,  been  greatly 
improved.  As  this  process  was  conducted  about  fifteen  years  ago,  the 
loss  in  lead  was  8  to  9  per  cent.,  and  when  the  percentage  of  blende  in 
the  ore  was  large  the  loss  increased  to  12  per  cent.,  in  addition  to  10  per 
cent,  loss  in  cupellation.  In  order  to  avoid  this  and  the  large  consump- 
tion of  metallic  iron,  a  series  of  experiments  were  made  with  reverbera- 
tory  furnaces,  bnt  the  large  quantity  of  silica  contained  in  the  ore  ren- 
dered the  English,  and  even  the  French,  processes  inadvisable,  if  not 
impossible.  The  following  experiments  were  then  made,  with  intention 
to  find  a  suitable  substitute  for  metallic  iron,  which  was  found  to  greatly 
increase  the  melting  expenses. 

230.  The  ore  (slime)  was  roasted  in  reyerberatory  furnaces  and  smelted 
with  iron-tap  cinders,  but  gave  poor  results.  High  shaft-furnaces  were 
next  experimented  with.  Lime,  iron,  tap-cinder,  iroA-ore,  and  slag  from, 
the  smelting  of  matte  were  each  in  turn  used,  but  not  found  to  be  a 
desirable  substitute.  Lime,  iron,  tap-cinder,  and  iron-ore  also  gave  poor 
results  in  low  furnaces.  It  was  next  attempted  to  use  the  slags  from 
the  smelting  of  pyritous  ores  in  the  Lower  Harz.  These  were  rich  in  iron, 
and  had  been  accumulating  for  many  years.  These  experiments  were 
conducted  in  a  Eachette  furnace,  which  had  already  been  erected  at 
Altenan.  The  iron  was  therein  reduced,  and  was  found  to  act  even  more 
energetically  than  when  charged  in  the  form  of  a  metal.  It  is  now 
known  that  iron,  when  reduced  from  it^  sequioxide,  or  protoxide,  decom- 
poses lead-sulphide  most  energetically,  as  it  then  acts  in  a  statu  naacenti. 
The  resulting  matte  is,  in  a  well-conducted  temperature,  consequently 
poorer  in  sulphur  than  when  metallic  iron  is  used;  and  iron-protoxide,  by 
taking  the  place  of  lead  in  the  slag,  prevents  a  greater  loss  of  the  latter. 
The  iron  protoxide  contained  in  the  copper-slag  also  serves  to  slag  the 
silicic  acid  of  the  ore.  The  Lower  Harz  copper-slags  have,  according  to 
Streng,  the  following  composition : 

Percent. 

Silica 17.06 

Alumina •    3. 21 

Iron  protoxide 70. 05  =  54. 5  per  cent,  of  iron. 

Copper  protoxide 1. 84 

Lime 3.32  • 

Magnesia 1. 06 

Manganese  protoxide 0. 30 

Zinc  and  cobalt  oxides 1. 26 

Sulphur 1.65 


97.75 


231.  This  highly  important  change  was  again  improved  in  1869,  by 
substituting  roasted  lead-matte  for  a  part  of  the  copper-slag. 
Although  the  original  intention  was  only  to  do  away  with  the  first 
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tmeltiDg,  it  has  given  -sach  satisfiaotory  results,  that  it  has  been 
ted  for  other  reasons.    By  too  large  an  addition  of  lead-matte,  a 
al  process  is  maintained,  and  the  copper  contents  of  the  silver- 
well  as  the  matte,  is  increased.    In  order  to  diminish  the  per- 
of  copper  in  the  silver-lead,  it  was  found  necessary  to  decrease 
unt  of  roasted  lead-matte  added  to  the  charge  to  28  per  cent., 
Sn  raise  the  quantity  of  copper-slag  in  proi>ortiOQ.    The  smelting- 
s  have  been  reduced,  by  the  substitution  of  roasted  lead-matte 
irtion  of  the  copper-slag,  from  18  to  15  thaler  per  1,000  kilo- 
ire.    This  saving  is  partially  owing  to  the  avoidance  of  the  first 
4melting. 

The  recent  experiments  made  at  Glausthal  in  the  construction  of 
•furnaces,  and  the  working  of  the  same,  are  not  only  very  interest- 
ing, but,  as  the  results  were  obtained  after  carefully  conducted  trials, 
reliable  both  in  a  scientific  and  a  practical  economical  point  of  view. 
The  nature  of  the  ores  and  character  of  the  process  must,  however,  be 
borne  in  mind.  One  Bachette  furnace  was  first  built  in  Altenau,  and 
soon  after  three  were  built  in  Glausthal  and  two  in  Lautenthal.  AT. 
most  immediately  after  the  Pilz  furnace  had  been  built  in  Freiberg,  Herr 
Kast,  of  Glausthal,  erected  furnaces  similar  in  principle,  but  smaller^ 
with  a  fore-hearth  (sumpf)  and  fewer  tuyeres.  The  campaign  in  these 
furnaces  has  lasted  over  three  years.  The  economical  results  have  been 
80  good,  that  they  have,  after  comparative  trials,  entirely  superseded 
the  Bachette  furnace  at  Glausthal.  The  old  Bachette  furnaces  at 
Glausthal  were  all,  except  one,  converted  into  round  furnaces.  This 
was  accomplished  by  placing  a  dividing  wall  through  the  center  of  the 
furnace,  connecting  the  two  long  sides,  and  then  making  circles  of  the 
squares  formed  by  the  walls.  One  Bachette  furnace  is  retained  unal- 
tered at  Glausthal,  for  the  purpose,  as  the  author  was  informed  by  the 
director,  of  convincing  unbelievers  that  it  is  far  inferior  to  the  round 
f  jrnace.  The  first  four  round  furnaces  built  at  Glausthal*  were  6.3 
meters  high  and  0.94  meters  diameter  at  the  tuyeres,  but  were,  respect- 
ively, 1.25, 1.41,  1.49,  and  1.57  meters  diameter  at  the  top. 

233,  A  series  of  trials  proved  that  in  proportion  as  the  furnace  is 
widened  toward  the  top,  the  metallic  volatilization  and  consumption  of 
fuel  decrease,  the  charge  also  is  better  prepared  upon  entering  the 
smel ting-zone,  and  the  campaigns  are  longer.  The  trials  in  the  above- 
mentioned  furnaces  gave  the  following  results : 

Width  of  top,  meters -1.25    1.41    1.49    1.57 

Metallic  volatilization,  mferrr  )t'^\^i-^. .....     2. 8      2.  7      1.  7      1. 1 

Gonsumption  of  coke  for  100  kilograms  ore, 
kilograms 42.  39  41. 85  41.  74  41. 62 

Average  length  of  time  for  smelting  100  kilo- 
grams ore,  hours 73.  2    71. 8    71. 2    69. 2 

*  The  date  of  the  experiments  in  the  constraction  of  shaft-fiiruaces  is  taken  from  Dr. 
Wedding's  communication  in  the  Pretissiache  Zeit'Schr{ft 
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93ie  .<M}D6aiDption  o€  coke  ai>der  the  same  etPcnmstaxtoeB  In  the  Sa- 
•cliette  fnroace  w<as  M.d  Mlogcams ;  the  lengtti  of  time  for  ameitu^  liO 
•kilo^aias  ore  was  ninetj^^tiiFee  bouts.  The  4bs£t  of  a  faisaee  was 
wideaed  atSI  more  than  0;M :  1.57  <metei»  at  (jie  top,  l>Ht  the  mitxiBHun 
pcofHMPtion  was  iiece  exoeeded,  as  was  abcmn  bf  the  <Aarge  sliditt^  «^y 
\vith  diffionlty do<(^n  the^plane,  mbksb  appraaebed  ithe  borisontal ;  aodthe 
layers  of  fuel  and  change  bacaoie  Jpofn  the  aame  KVNise  indiaoiiaaiuitely 
mixed. before  entering  theaiaeUiiDg-aone. 

234.  A  free  standing  furnace,  with  eig^t  itaj^ei'es,  isimilar  4x>  the  Pik 
furnace,  was  built  in  1869.  Itwas  7.2  juieters  hi£li,1.41  oneteis  diameter 
at  the  tnyeres,  and  2.04  meters  at  the  top.  It  was  a  cHmcibletittniaoe, 
and  had  ihiree  tapping-hearths  and  two  east4ron  jdag-apeots.  The 
tuyeres  were  37  eentJ^meters  abo^e  ibe  slag^pont,  and  .55  ^Mflitiiiielers 
apart.  The  fnrnaoe-fames  were  oangbt  in  an  iron  fannel  sn^ended  io 
the  furnaoe,  and  after  passing  through  a  eanal  48.3  meters  long,  esoa^ied 
through  a  <;hiQiiney  12.5  meters  high.    This  furnace  cost  5,900  thaler. 

When  it  was  first  put  in  operation,  the  charge  was  similar  to  that  in 
.the  oth^  round  furnaces,  with  an  addition  of  slag  from  matte-smelting, 
but  the  alag  produced  was  so  pasty,  that  it  could  not  be  tapped ;  wx 
was  dag  of  the  right  character  obtained  by  increasing  the  quanti^  of 
inat4^slag  and  decreasing  the  ore  in  the  charge.  In  the  next  trial,  the 
slag  from  the  copper-ore  soielting  was  entirely  omitted.  The  resaltittg 
silver  lead  and  matte  were  of  the  same  nature  as  that  from  the  other 
furnaces,  but  the  slag,  owing  to  an  imperfect  fusing,  was  very  rich  in 
lead,  containing  it  both  chemically  comlHned  and  mechanically  mixed 
as  undecomposed  lead-^sulphide.  The  next  idea  was  to  produce  a  small 
amount  of  slag ;  and  with  this  object  in  view,  only  30  kilograms  of  cop- 
per-slag was  charged  to  100  kilograms  ore  and  50  kilograms  lead-matte. 
The  blast  was  made  as  atroug  as  possible,  24  millimetws,  qaicksilver 
column,  but  even  t^ien  the  charge  was  not  sufficiently  fosiUe,  and  aala- 
manders  were  soon  formed,  obstructing  the  ameltiug-pFOcess.  Hhe  con- 
elusion  was  now  reached  that  the  diameter  of  the  hearths,  or  smeiting- 
zone,  was  too  large  for  a  process  of  this  character,  as  the  temperature 
herein  produced  was  not  high  enough  to  cause  a  perfect  reaction  and 
separation  -of  the  different  products.  The  famace-hearth  was  tiievefore 
decreased  to  1.25  meters  diameter,  but  a  round  ball  soUdiied  in  the. 
center  of  the  hearth,  which  was  .not  removed,  by  increasing  the  propar- 
tion  of  slag  in  the  charge,  narrowed  the  pressure  of  blast.  Eeur  ^  the 
eight  tuyeffcs  were  then  projected  16  centimeters  in  the  hearth,  leaving 
a  circle  about  1  meter  in  diameter.  The  furnace  tbereopoa  worked  well, 
and  gave  equally  good  results  with  the  other  round  famaoe. 

According  to  the  information  derived  from  Herrn  Kast,  the  director 
of  the  Clausthal  (Frankensdiarn)  Smelting- Works,  and  after  whom 
the  round  furqace  with  four  tuyeres  was  named,  two  furnaces  with  four 
tuyeres  perform  one- third  more  work  with  an  equal  nuntber  of  work- 
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men  aod  a  \^^  quantity  of  fael  thoa  ooe  roaad  fdrnace  with  eight 
t«y«res. 

235.  In  order  to  determiiie  tlie  effects  tif  aa  equal  qnsntitJ^  of  wtod 
tnklter  difisreiit  pressure  of  blast,  the  diameter  of  tlie  blast-oozisles  was 
iDeveaml  m  one  of  the  fnmaoes  with  foar  tajeres  from  43  millimeters  to    1 
61  laillimeters,  with  the  following  vesalts : 

Oharge: 

Nozzle  61  millimeters    43  millimeters 
in  diameter.  in  diameter. 

Ore,  kilograms 1, 000  1, 000 

Boasted  matte,  do 510  510 

Copperslag,  do 1, 260  1, 260 

Ore-slag,  do 330  330 

Fuel: 

CokeSjdo , 490  490 

Products : 

Silver-lead,  do 580  580 

Lead-matte,  do 750  800 

Contents  of  silver-lead 0. 15  per  cent.=43oz.  13  dwt.  14  gr.  silver. 

Contents  of  lead-matte 0. 27  per  cent. = 78  oz.  14  dwt.    4  gr.  silver. 

Contents  of  lead-matte 8. 5 8. 4  per  cent.  lead. 

Contents  of  slag 0. 4 .0. 4  per  cent,  lead.' 

Length  of  time  in  smelting  1,000  kilograms  ore,  6.8  to  7.6  hours. 
Pressure  of  blast,  16.24  millimeters  mercury  column.  The  consump-  I 
tion  of  fuel  was  the  same  in  both  cases.  The  quantity  of  slag  in  the 
furnace  with  wide  was  smaller  than  in  the  furnace  with  narrow  nozzles, 
bift  the  furnace  worked  much  better )  the  formation  of  furnace  accre- 
tions was  diminished,  and  the  smelting-time  was  shorter,  giving  the 
furnace  an  increased  capacity.  Bla8^nozzles  with  61  millimeters  diam- 
eter have  since  been  adopted. 

236.  The  known  fact  that  heated  blast  serves  in  iron  blast-furnaces  to 
concentrate  the  heat,  increase  the  capacity  of  the  furnace,  and  saves 
fuel,  induced  the  officials  at  the  Glausthal  works  to  try  the  effect  of 
heated  hlast  on  lead-smelting.  Two  round  furnaces  with  four  tuyeres 
were  employed  in  making  the  experiment.  One  was  worked  with  cold 
blast,  the  other  with  blast  heated  to  140^  to  180^  C.  These  trials 
proved  that  heated  blast  is  not  advantageous  for  lead-smelting,  for  the 
products  from  two  operations  were  similar,  both  in  quantity  and  quality, 
while  the  value  of  the  small  quantity  of  cokes  saved  in  the  charge  was 
surpassed  by  the  value  of  the  coal  consumed  in  heating  the  blast. 

237.  In  order  that  each  process  might  be  more  perfectly  and  econom- 
ically carried  out,  the  government  authorities  have  been  making,  as  far 
as  practicable,  a  separation  of  the  different  metallurgical  operations  per- 
formed in  the  utilization  of  the  ores  extracted  in  the  Harz  Mountains. 
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This  plan  is  now  nearly  completed.  Oiaasthal  was  selected  as  the  cen- 
tral works  for  smelting  lead-ores,  Laatenthal  for  desilverizing  the  silver- 
lead,  and  Altenau  for  the  treatment  of  copper-ores  and  products.  Ar- 
gentiferous lead-ores  and  foreign  silver-ores  are  smelted  at  Andreas- 
berg;  the  rich'  silver-lead  is  cupelled ;  the  poor  is  sent  to  LantenthaL 

238.  Lead  SMELxma  at  Clausthal.— The  ores  are  composed  of 
galena,  copper  (and  iron)  pyrites,  blende,  and  small  quantitiesof  silver, 
pres.  The  gangue  is  cakit,  quartz,  siderit,  argillaceous  slate,  and  bary  te. 
An  average  analysis  presents  the  following  composition  : 

71. 68  per  cent,  sulphide  of  lead. 

0, 91  per  cent,  sulphide  of  copper. 

1. 98  per  cent,  sulphide  of  zinc. 

4. 14  per  cent,  carbonate  of  protoxide  of  iron. 

0. 54  per  cent,  tersulphide  of  antimony. 

1. 41  per  cent,  protosulphide  of  iron. 

0. 113  per  cent,  sulphide  of  silver. 

15. 24  per  cent,  silicic  acid. 

0. 15  per  cent,  alumina. 

2. 38  per  cent,  carbonate  of  lime. 

1. 46  per  cent,  sulphate  of  baryte. 

0. 08  per  cent,  magnesia. 


100. 083 


239.  It  has  already  been  mentioned  that  the  present  iron-precipita- 
tion process  is  an  important  improvement  on  that  method  as  formerly 
practiced, inasmuch  as  the  first  matte-smelting  has  been  done  away  with, 
and  while  the  quantity  of  basic  copper-slag  added  to  the  charge  is  dimin- 
ished, a  correspondingly  large  quantity  of  roasted  lead-matte  is  charged 
in  its  place.  The  process  is  now  called  the  '^  combined  ore  (schlieg)  and 
matte  smelting."  The  furnaces  for  ore-smelting  are  all  round ;  one 
Bacbette  furnace  making  an  exception.  They  all  have  a  fore-hearth, 
(sumpf,)  and  the  slag  runs  continually  from  the  fore-hearth  down  an 
inclined  bank  made  of  brasque  and  sand.  That  portion  of  the  slag 
which  congeals  on  or  near  the  fore-hearth,  is  rich  in  mechanically-mixed 
metals,  and  is  resmelted ;  the  rest  is  thrown  away,  as  it  contains  only 
about  1.5  per  cent.  lead. 

240.  The  charge  and  fuel  (coke)  are  charged  in  alternate  horizontal 
layers.  This  change  has  given  excellent  results,  compared  to  the  old 
method  of  charging  in  vertical  sections.  Formerly  the  slag  contained 
2  to  3  per  cent,  and  the  matte  15  to  20  per  cent,  lead,  but  at  present  the 
slag  produced  contains  only  1  to  2.5  per  cent,  and  the  matte  8  per  cent 
lead,  and  this  matte  contains  so  little  lead  that  it  can  be  roasted  in 
shaft-furnaces  without  sintering,  as  the  pressure  of  blast  is  not  allowed 
to  exceed  22  millimeters  mercury  column.  The  metallic  volatilization 
and  the  formation  of  salamanders  is  favorably  reduced.   ' 
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Dr.  Wedding  gives  the  average  charge  for  1871  as — 

1, 000      kilograms  ore. 
650      kilograms  copper-slag  from  Lower  Harz. 
510      kilograms  roasted  matte. 
12. 1  kilograms  sweepings. 
10. 5  kilograms  fames. 
5. 5  kilograms  lead-flux. 
20      kilograms  copper-slag  from  black  copper  smelting. 
430      kilograms  rich  slag  from  matte-smelting. 
470      kilograms  slag  from  same  operation. 

3, 108. 1  kilograms. 

241.  The  consumption  of  fuel  per  1,000  kilograms  ore,  including  the 
powdered  charcoal  for  brasqiie  and  charcoal  used  in  blowing  in  the  fur- 
nace, was  451.7  kilograms  coke  and  25.5  kilograms  charcoal.  The  re- 
sult per  1,000  kilograms  ore  is,  a,  587.7  kilograms  silver-lead,  and  &,  760.9 
kilograms  matte,  510  kilograms  of  which  are  roasted  and  added  to  the 
next  charge.  The  charge  in  the  autumn  of  1873  was  composed  of  100 
kilograms  ore ;  94  kilograms  copper-slag ;  30  kilograms  roasted  matte ; 
44  kilograms  slag  from  same  operation  ;  25  kilograms  slag  from  matte- 
smelting  ;  2  kilograms  lead-]Qux ;  89  kilograms  coke. 

The  following  are  the  average  analyses  of  the  products  from  the  above 
charge : 


ISilver-lead. 


Slag. 


Per  cent. 

Lead 98.970 

Antimony 0. 618 

Copper 0.275 

Silver 0.127 

Zinc 0.008 

Iron 0. 002 


100 


Per  cent. 

Sulphur 29. 55 

Iron 55.  72 

Lead..   7.98 

Copper 4.39 

Zinc. L12 

Silver 0.03 

Antimony 0. 35 

99.14 


Per'cent. 

Siiicic  acid  ...  43. 60 

Alumina 15. 50 

Iron  protoxide  31. 68 

Lime 6. 50 

Magnesia 1.56 

Lead  oxide  ...     0. 70 
Silver 0.008 

99. 548 


The  slag  is  added  to  the  charge  of  ore  and  matte  smeltings.  The  sil- 
ver-lead is  sent  to  Lautentfaal  for  desilverization.  The  matte  is  broken 
and  repeatedly  roasted  in  free  heaps  until  it  contains  about  5  to  7  per 
cent,  sulphur.  That  small  portion  of  the  roasted  matte  which  is  not 
Added  to  the  charge  of  smelting  is  smelted  in  low  shaft-furnaces,  with 
slag  from  the  ore-smelting  and  a  small  quantity  of  iron.  The  products 
«are :  a.  Silver-lead.  This  is  on  account  of  a  large  percentage  of  copper, 
which  disqualifies  it  for  the  zinc-desilverization  process,  cupelled  at 
Clausthal.    b.  Copper-matte,  containing  12  per  cent,  of  copper  and  0.02 
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to  0.03  per  c^nt.  a=  5  oz.  16  dwt.  14^4  ^.  to  18  oz.  14  dwt.  19  ^.  wiver ;  this 
is  equal  in  quantity  to  about  one- third  of  the  lead-matte  wshich  was 
charged,    o.  Slag,  having  the  foUowiog  composition  : 

Per  cent. 

Silicic  acid 29,^ 

Alumina 13. 95 

Iron  protoxide 48.  S(^ 

Lime 5.85 

Magnesia 0.  71 

Lead  oxide 0, 57 

Copper  oxide 0. 10 

Silver 0.410066 

Total 99.  €906$ 

The  copper-matte  is  broken,  roasted  in  free  heaps,  and  smelted  for 
black  copper  in  a  spectacle-furnace,  with  slag  from  the  smelting  of 
pyritous  ores,  whereby  the  greater  part  of  the  iron  sesqaioxide  and 
oxides  of  other  base  metals  are  slagged,  and  a  small  portion  of  the  cop- 
per oxide  reduced  to  black  copper.  The  larger  part  combines  with  sul- 
phur, which  is  reduced  from  sulphate  salts  and  forms  the  matte.  Lead 
acts  in  a  similar  manner,  a  part  taking  up  silver  and  forms  silver^ead. 
The  silver  also  enters  the  black  copper  and  copper-matte.  The  black 
copper,  containing  small  quantities  of  lead  and  silver,  is  sent  to  Altenau 
for  desilverization.  The  copper-matte,  containing  from  24  to  40  per  cent. 
copper,  is  repeatedly  roasted,  and  smelted  as  above.  The  slag,  con  tain- 
ing  0.5  to  1.0  copper,  is  added  to  the  charge  in  the  ore-smelting. 

242.  There  are  at  present  employed  in  Olausthal : 

Tayeree.  Cfipaoity  in  94  hoara. 

1  round  free-standing  furnace 8  13, 500  kilograms' charge. 

1  round  free-standing  furnace 4  9, 000        <^  «< 

3  round  Kitst  furnaces f\f>irf^ *  7, 500        "  ** 

4  round  Kast,  being  altered  te  iia- 

chette  furnaces 5  7,500  "  ** 

1  Rachette  fttrnace 12  ll,*eOO  "  «• 

2  low  shaft-furnaces 3  3,750  "  ♦^ 

1  srpectaclefurnace 2  2,500  "  ««• 


Total 38  54,750        " 


(4 


243.  Altenau. — The  treatment  of  copper-ores  and  product's  fom  the 
basis  of  the  process  at  AHenau.  But  a  smalt  quantity  ef  i«id<«re  is 
amelted.*  The  former  principally  consists  ef  ^copper  pyrites,  uud  sre  of 
secondary  importance;  they  are  only  frodnced  in  small  i|o«a<;N:4es,  and 
contain  such  a  small  amount  of  silver  that  they  eoiikl  not  be  tueatod  with 
profit  alone,  according  to  the  German  metallurgical  copper  process.  The 
resulting  copper  from  this  process  cootaiBS  from  ^0.^05  to  0X)17  per  cent. 

I  silver  (1  oz.  9  dwt.  3.64  gr.  to  4ez.  19  dwt  ^.48  gr.  per  ton)<w1iea  sent  » 

I  

I  'Herrn  iCillileinan's  oommtmicatiou  intho  Prnwisck^  ZeiiBcrift  is  freely  Tised  in  tcv»t- 

ing^f  the  Altenau  process. 
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maffcet.    Xbe  lead-ores  pcinoipaUy  <M>BBiet  of  mceDtiferoiie  £aleBa,*whiob 
is  associated  with  small  qaantities  of  siderite,  zinc- blende,  copper  pyrites^ 
iron  pjrrates,  and  tetrahedriie. 
An  avem^e  lead-ore  mixtiu?e  m  1869  contained — 

Per  cent. 

Lead 63.320 

Silver 0.096 

Copper 0. 750 

244.  Tbe  lead-ore  is  Binelted  acoordiog  to  the  iron-redaction  process. 
It  is  condncted  entirely  in  JKacbette  farnaces  since  1864,  and  in  the 
same  manner  as  at  Glansthal^  the  chaise  is  varied  only  on  account  of 
bases  or  acids  in  the  ore,  &c. 

245.  The  products  of  the  operation  of  ore-smelting  are :  a,  silver-lead ; 
2^,  slag;  and  c,  lead-matte.  The  silver-lead  contains,  on  an  average^  0.13 
per  cent.  =  37  oz.  16  dwt.  19.2  gr.  silver,  and  is  sent  to  Lantenthal  for 
desilverization  by  means  of  zinc.  The  slag  contains  from  |  to  1  per 
cent,  lead  and  0.00087  per  cent,  silver,  (5  dwt.;)  part  of  it  is  thrown  away, 
and  a  part  is  nsed  over  again  in  the  same  operation  as  flax.  The  lead- 
matt  e  contains,  from  the  period  1866  to  1869,  when  slag  from  ooher  was 
nsed  entirely  as  a  precipitatiag  medium,  the  following  amount  of — 

Per  «ent. 

Lead 11.6 

Copper 4.0 

Stiver 0.034 

Since  the  adoption  of  the  combined  ore  and  matte  smelting,  the  per- 
centage of  copper  has  increased  and  that  of  the  lead  decreased. 

a.  Lead-matte  from  smelting  with  copper-slag  &om  ocber  toward  the 
close  of  1866,  Dr.  Streng  analyst. 

h.  Lead-matte  from  combined  ore  and  matte  smelting,  Herr  Hill- 
grist  analyst. 

a.  h. 

Per  cent.         Per  cent. 

Lead 10. 88  11. 6 

Copper 3.  83  6. 2 

Silver 0.03  0.033 

Iron 55.90  57.2 

Zinc 1. 13  Not  determined. 

Antimony ; 0.27  Not  deteronined. 

Sulphnr 26.67  22.8 

246.  Xhe  laad-«8tto  is  roasted  twice  in  ehaft-Toasting  itenaoes,  3  to 
3.5  metets  high  and  1.17  by  1.46  BDietecs  wide,  daring  wbich  operotion  it 
loses  all  its  salphar  to  within  7  per  cent.  The  sulpharoas  acid  is  iised 
for  the  manufacture  of  sulphuric  acid. 

The  roasted  lead-matte  is  fnrtlier  treated  in  tbe  older  matte-smelt- 
ing blast- Aimaces,  which  are  2  J  meters  high,  also  in  the  old  ore-smelting 
blast-furnace  having  one  tuyere*  and  which  are  6  meters  high.    The 
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^meltiDg  is  conducted  with  a  nose,  and  ore-slag  is  used  for  flax.  Coke 
is  the  fuel  used. 

247.  The  products  of  this  operation  area, silver-lead;  fr,  slag;  and«, 
lead-matte.  The  silver-lead  contains  0.19  per  cent.  s=55  oz.  6  dwt.  19.2  gr. 
43ilver,  and  a  considerable  amount  of  copper^is  directly  cupelled.  The 
matte-slag,  containing  2  per  cent,  lead  and  0.003  per  cent.=ll  dwt. 
15.84  gr.  silver,  is  used  in  other  operations  as  a  flux,  especially  in  the 
operation  of  ore-smelting.  The  lead-matte,  which  has  become  much 
poorer  in  lead  and  richer  in  copper  is  resmelted  in  the  same  furnace. 

'248.  In  this  second  treatment  of  the  lead-matte  the  same  products 
again  result ;  the  matte,  however,  is  much  richer  in  copper.  As  soon 
as  it  contains  20  per  cent,  of  copper  by  further  smelting,  it  is  delivered 
over  to  the  operation  of  the  smelting  of  copper-products,  {Krdtz  knp- 
ferarbeit) 

249.  Formerly  from  three  to  four  smeltings  were  necessary  to  concen- 
trate the  matte  up  to  20  i)er  cent,  copper,  but  since  the  ore-smelting 
has  been  conducted  in  Bachette  furnaces,  with  slags  rich  in  iron  as 
fluxiug-material,  only  two  smeltings  of  the  matte  were  necessary ;  and 
«ince  the  adoption  of  the  combined  ore  and  matte  smelting,  only  one 
smelting  has  been  necessary. 

The  average  contents  of  lead-matte  in  1869  from  the  first  smelting 
was  in — 

Per  cent. 

S  il  ver 0. 043 

Xead , 10.000 

Copper. 11. 000 

From  second  smelting : 

Percemt. 

Silver 0. 056 

Lead 10.  OOO 

Copper 21.  OOO 

That  produced  in  1870  from  first  concentration  contained — 

Per  oeot 

Silver 0.057 

Lead 15.000 

Copper 14. 000 

In  smelting  the  matte  a  large  amount  of  products  resulting  from 
other  manipulations  are  always  added  to  the  charge,  such  as  furnace- 
fumes,  furnace-dross,  slimes,  argentiferous  and  cupriferous  dross,  refining- 
dross,  lead*scraps,  and  slag  containing  lead  oxide  tix)m  the  operation  of 
litharge-rednction. 

250.  Treatment  of  copper-products. — ^The  matte  now  containing  about 
20  per  cent,  copper  is  subjected  to  this  operation,  which  has  for  its  sole 


TBEATMENT  OP   COPPEB-PBODUCTS.  10& 

object  the  extraction  of  the  silver  and  copper  from  the  matte.    Formerly 
the  matte  contained  on  an  average — 

Per  cent. 

Copper 20         to  22 

Silver 0.035  to   0.065 

Leadi 9         to  10 

Iron,  about 40 

Snlphor,  about 20 

The  mattiC  produced  at  present  from  one  smelting  contains — 

Per  cent. 

Sulphur 21. 6 

Iron 39. 2 

Copper 13.7 

Liead. 15.0 

Silver 0.057 

251.  The  copper-matte  is  roasted  several  times  and  then  fused  for 
black  copper.  Although  it  has  been  proved  by  experiment  that  this 
matte  can  be  well  roasted  in  furnaces,  it  is  not  desirable  to  do  so,  as 
the  roasting- furnaces  are  all  in  use  for  roasting  the  lead-matte,  and  these 
supply  the  sulphuric-acid  chambers  with  a  sufficiency  of  sulphurous 
acid ',  so  all  copper-matte  is  at  present  roasted  in  heaps  under  cover. 
The  heaps  must  be  turned  seven  or  eight  times  in  order  to  effect  a 
proper  roasting  of  the  matte.  This  requires  from  five  to  six  weeks.  The 
sulphur  is  reduced  from  20  per  cent,  to  6  or  8  per  cent. 

252.  The  roasted  copper-matte  is  fluxed  with  slag  from  the  smelting 
of  copper  pyrites  and  smelted  in  blast- furnaces.  The  blast-furnaces  are 
3.22  meters  high,  have  a  width  of  0.88  by  1.02  meters,  and  have  one 
tuyere  only.  About  4,500  kilograms  of  copper-matte  ore  are  smelted 
in  twenty-four  hours.    The  campaign  lasts  about  one  month. 

a,  Silver-lead^  ft,  black  copper;  c,  copper-matte;  and  dj  slag,  are  the 
resulting  products  of  the  first  copper-matte  smelting. 

The  black  copper  resulting  from  the  first  smelting  is  a  very  impure 
product:  it  contains  a  large  percentage  of  lead  and  also  silver.  It  is 
mixed  with  the  black  copper  produced  from  the  next  smelting  and 
smelted  with  it,  in  the  following  manipulation.  The  copper-matte  con* 
tains : 

Per  cent. 

Copper 40.00 

Iron 30.00 

Sulphur 20.00 

Silver 0.08 

253.  The  matte  is  again  roasted  several  times  and  re-smelted  in  shaft- 
furnaces,  whereby  the  same  products  are  produced  as  before. 

The  following  third,  fourth,  and  fifth  mattes  are  heated  in  the  same 
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manner — ^black  copper  always  being  produced,  while  the  copper- matte 
becomes  richer  in  copper  and  poorer  in  iron. 

The  copper-matte  smelting  from  the  fifth  smelting  is  not  farther 
treated  until  the  following  year,  as  only  a  small  quantity  is  produced. 
Five  separate  smeltings,  accompanied  with  repeated  roasting,  are  neces- 
sary to  extract  the  copper  from  the  copper-matte  containing  20  per 
cent,  of  copper  in  the  form  of  black  copper.  The  average  amount  of 
flux  employed  in  the  five  smeltings  per. 100  cwt.  of  copper-matte  is  75 
«wt.  of  slag  from  the  operation  of  pyrites-smelting,  and  20  cwt.  of  slag 
from  the  same  operation. 

254.  Analyses  of  slags  from  the  smelting  of  copper-products  :  a,  slag 
from  first  smelting  of  the  concentrated  matte,  or  second  smelting  of 
«opper-matte,  by  Hahn ;  b,  slag  from  third  smelting  of  copper-matte, 
Werlisch ;  c,  slag  from  fourth  smelting  of  copper-matte,  by  Hahn ;  d, 
^agfrom  fifth  smelting  of  copper-matte,  by  Werlisch. 


• 

• 

b 

1 

e 

Percent 
».099 
a2M 
60.513 
S.067 
0. 451 
L475 
O.-'iSS 
4.S75 

d 

Silieicfteld 

Pereent 
87.565 
a  977 
54.277 
1.408 
4.771 
4.105 
0.565 
6.4M 

Peremt 
39.90*2  ' 
0.235  ! 
55.915  ! 
0.68S  : 
2.1«) 
3.763 
0.504 
4.388  , 

t 

Pereen* 

Alitim(HiT  oxidfi 

0.11^ 

Iron  Drotozide 

s^.eus 

Copper  protoxide 

Lmq  oxide .• 

Xilme.............  ............................................. 

aKT 

4.3H 

Haf^nenia 

0.351 
5.n« 

Such  slag  as  contains  entangled  matte  is  only  employed  again  as  a 
flux  in  the  operation  of  copper-matte  smelting.;  the  remaind^  is  used 
in  the  ore-smelting,  where  it  performs  the  same  service  as  the  slags  from 
Oker. 

255.  The  following  are  analyses  of  the  copper-matte  resulting  from  the 
various  smeltings :  a,  matte  from  first  smelting,  by  Hillegei^ ;  b^  mtftte 
from  second  smelting,  by  Hahn;  c,  matte  from  third  snveltfng,  by 
Werlisch ;  dy  matte  from  fourth  smelting,  by  Hahn ;  e,  matt«  from  fifth 
smelting,  by  Werliseh. 


Salpbar t 

Anthnony 

Iron 

Ssr.;;./.;.;.-;.:::". 

SUver 


Pereent 
SI.  000 
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SA.SOO 
37.000 
13.000 
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Pereent 
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&132 

61916 

7.886 


Pereent 

17.668 

>      1. 019 

a63d 

72.743 
0.641 


Percent 

18.156 

0.464 

0.9ff3 

8a  774 


19.tiS: 
0.311 
1.0« 

eeL3£ 


256.  Refining  of  the  black  copper. — Before  the  black  copper  obtained 
from  the  foregoing  operation  is  desilverized,  it  undergoes  a  process  of 
oxidizing-smelting,  in  order  to  free  it  from  its  foreign  elements.  The 
black  copper  obtained  from  all  five  smeltings  is  so  mix^d,  that  the 
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cbarge  will  contain  about  0.16  to  0.20  per  cent.  =i=  46  oz.  12  dwt.  to  58* 
OS.  6  dwt.  silver,  and  80  to  83  per  cent*  copper.  The  operation  is  con- 
ducted ia  a  large  relLningfnr-nace.  Tbe  hearth  is  round*  and  has  a 
diameter  of  2.92  meters^  it  is  composed  of  braflque  and  pulverized 
argillaceoas  slate. 

257.  A  charge  consists-  of  45  to  48  cwt. ;  wood  was  formerly  used  as 
fuel,  but  at  present,  bituminous  coal  is  also  made  use  of,  with  the  em- 
ployment of  blast  under  the  fire-grate.  About  five  hours  are  necessary 
to  melt  the  black  copper,  and  after  the  slag  has  been  removed,  the  blast 
ia  turned  on.  At  first  only  a  small  pressure  is  used,  but  after  about 
two  hours  it  is  increased,  so  that  7J  cubic  meters  pass  into  the  furnace 
per  minute.  The  impurities  contained  in  the  black  copper  are  elimi- 
nated by  the  oxidizing  influence  of  the  blast.  The  entire  process  lasts 
from  sixteen  to  eighteen  bours.  The  copper  is  immediately  granulated 
when  tapped  from  the  furnace.  It  contains  from  91  to  97  per  cent, 
copper  and  0.20  to  0.40  per  cent.  =  58  oz.  6  dwt.  to  116  oz.  12  dwt. 
silver. 

258.  The  following  is  an  analysis  of  the  refined  copper: 

Per  cent.  Per  cent. 


Silver 0.300 

Copper 95. 000 

Antimony 1. 530 

Arsenie Trace. 


Iron 0. 070 

Lead 2.710 

^Nickel  V 

ColalD  i 0.048 

Zine      ) 

Tb«  resulting  slags  are  of  two  kinds;  that  which  is  formed  daring 
the  first  part  of  the  process  is  only  a  pairtiaiUy -nid^ted  mass ;  it  is  rich 
in  iro»,  cobalt,  and  niek^oxide-;  the  other  whteb  fi»rms  during  the  lat- 
ter part  of  the  process,  is  tkin  ^id^  and  rich  in  lead.  As  their  further 
mauipalatida  is  difiiarent,  they  are  kept  sepairate.  The  small  amoosit 
of  slag  obtained  of  the  first  sort,  is  smelted  with  arsenical  pyrites  asd 
baryte  for  nickel  speiss*  It  is  sold  in  this  state.  The  other  slag  is 
smdted  witii  slag  from  the  matte*smelting  iu  blast-furnaces;  black  cop- 
per, rich  in  lead  and  silver,,  and  slag  rich  in  copper  and  lead,  are  the 
resulting  prsducts.  Some  silver-lead  is  obtadned  firom  the  black  copper 
by  its  liquation^  This  silver-lead  contaisusi  on  an  average  0.0775  per 
cent.  =2^  oe.  11  dwt.  22.46  gr.  silver  and  many  impurities.  The  liqua- 
ted copper  still  contains  mu^h  lead^  and  is  refined  in  the  same  manner 
as  the  original  copper.  The.  resulting  granulated  copper  is  much 
poorer  and  impiurer  than  that  obtained  from,  the  original  eopp^t 
and  contains  43(  oz.  14  dwt.  silver  and  90^  to  93  per  eenL  copper.  The 
resnlttng  slags  are  much  ridier  in  nickel  and  cobalt  thau  the  other 
slag  from  the  main  operation;  they  are  smetted  for  niekel  speiss. 

259.  The  slags  from  the  operation  of  slag-smelting  in  the  litbarge- 
reduetioa  fiimaees,  containing  about  5  per  cent,  copper,  from  6  to  10  per 
cent,  lead,  and  0;0012S  per  cent.  =  7  dwt.  silver,  axe  chaeged  in  with 
the  lead-o»e  smelting  charge  for  the  extraction  of  their  metallic  con- 
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tenta.  The  chemical  composition  of  the  last  Hlags  will  be  seen  from  the 
following  analyses :  a,  slag  from  slag-smelting,  by  Hahn ;  6,  slag 
formed  daring  the  first  period  of  the  operation  of  refining  the  copper 
resnltiug  from  slag-smelting,  by  Werlisch ;  c,  slag  from  second  period 
of  same  operation. 


SUioioacid 

Araenio  acid 

Antimonions  aold 

Iron  protoxide 

Copper  protoxide 

Lead  oxide 

Xickel  protoxide 

Cobalt  protoxide 

Zinc  oxide 

Hanfcanese  protoxide. 

Lime' 

MftfTDt^sia 

Alamina 

Sulphuric  acid 
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4.556 

a493 

a  130 

1.940 
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6a  9» 
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0.3S6 

6.00 
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99.501 


99. 4« 


260.  Extraction  of  silver  from  copper ^  and  manufacture  of  vitriol— 
After  the  black  copper  has  been  refined  and  granulated,  it  is  treated 
with  sulphuric  acid  for  the  purpose  of  its  desilverization,  whereby  cop- 
per-vitriol  is  also  produced.  There  are  two  establishments  at  Altenan 
for  the  manufacture  of  vitriol ;  one  was  built  in  1864,  the  other  in  1868. 

The  older  has  three  dissolving-vessels  and  one  evaporatingpan ;  tbe 
new  has  six  dissolving- vessels  and  two  evaporating-pans.  The  dissolv- 
ing-vessels are  of  wood  lined  with  sheet-lead.  They  are  1.02  meters 
square  and  1.17  meters  high.  They  have  a  double  bottom.  The  upper 
or  false  bottom  is  perforated  with  holes  0.025  meter  in  diameter. 

261.  When  the  dissolving-boxes  are  charged  with  copper,  about  one- 
fourth  of  the  charge,  in  large  pieces,  is  laid  on  the  false  bottom,  and  od 
the  top  of  this  the  small  copper  granules ;  the  charge  is  1,000  kilograms, 
and  is  about  1  meter  high ;  care  being  taken  that  the  granules  shall 
not  be  so  densely  packed  that  the  air  will  not  be  able  to  circulate. 
As  soon  as  the  pile,  through  dissolving,  has  sunk  0.24  meter,  fresh 
quantities  of  copper  are  added;  which  is  done  two  or  three  times 
a  week.  Tbe  consumption  of  sulphuric  acid  is  150  to  175  kilograms  in 
twenty -fonr  hours.  The  boxes  are  cleaned  every  eight  to  thirteen 
weeks.  The  granules  are  heated  by  the  dissolving  solution,  which  mate- 
rially aids  the  oxidization.  The  temperature  of  the  acid  is  important. 
If  it  is  too  high,  silver  is  dissolved ;  if  too  low,  the  process  is  retarded. 
The  solution  from  the  dissolving- vessels  should  not  be  clear,  which  would 
show  that  the  silver  also  is  dissolved.  Above  the  dissolving-vessels 
there  is  a  sulphuric-acid  reservoir.  The  raw  sulphuric  acid  from  the 
lead-chambers  is  conducted  in  the  large  reservoir,  and  superheated 
steam  is  led  into  the  acid,  whereby  it  is  heated  to  65^  B.,  and  at  the 
same  time  diluted  to  26^  B.    It  is  afterward  changed  to  32^  B.,  by  add- 
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ing  the  acid  solution  from  the  crystallization  vessels.  The  sulphnrio 
acid  employed  is  48^  to  50^  B.  strong,  and  is  manufactured  at  Altenau. 
Each  dissolving-vessel  communicates  with  the  sulphuric-acid  reservoir 
by  means  of  a  movable  siphon.  Every  half  hour,  the  copper  granules 
in  the  dissolving- vessel  are  washed  with  sulphuric  acid  from  the  reser- 
voir by  means  of  the  siphon.  The  acid  flows  off  rapidly ;  the  oxide 
thereby  formed  on  the  surface  of  the  granules  are  washed  off  by  the 
next  addition  of  acid  with  the  argentiferous  slime. 

The  copper-vitriol  solution  escaping  from  the  dissolving-vessels  flows 
through  troughs  into  a  large  basin  and  from  this  into  a  system  of  open 
troughs,  which  again  lead  to  another  large  basin.  The  solution,  which 
at  first  is  warm,  partially  evaporates  while  circulating  in  the  troughs, 
and  most  of  the  copper-vitriol  crystallizes  upon  the  sides  and  bottom. 
The  crystals  with  the  argentiferous  slimes  adhering  to  them  are  removed 
and  placed  upon  boards  as  soon  as  the  troughs  become  filled. 

The  mother-solution  running  off  is  collected  in  a  basin  at  the  end  of 
the  system,  and  is  again  used  for  dissolving  the  copper-granules,  as  it 
is  very  acid.  For  this  purpose  it  is  forced  up  into  the  sulphuric-acid 
reservoir  by  means  of  a  Giffard  injector. 

The  raw  crystals  are  dissolved  in  pans.  The  pans  are  of  lead,  3.12  by 
3.51  meters  wide  and  0.61  meter  deep.  They  are  heated  by  means  of 
a  Fairbairn  smoke-consuming  fire-place.  Bituminous  coal  serves  as 
fuel.  Pure  water  is  only  partially  used  for  dissolving  the  raw  vitriol, 
the  mother-liquid  from  the  latter  crystallization  being  principally  em- 
ployed. The  pans  are  filled  0.25  meter  high  with  mother-liquid,  0.10 
meter  high  with  water,  and  heated  for  13  hours,  whereby  the  fluid  must 
reach  a  temperature  of  75^  or  80^  B.  Baw  crystals  are  then  placed 
within  the  pans  until  the  solution  reaches  28^  B.  It  takes  about  10  per 
cent,  vitriol  to  produce  this  effect.  A  small  amount  of  copper-granules 
are  placed  upon  the  bottom  of  the  pan ;  about  1^  pounds  of  finely-pul- 
verized copper  and  i  pound  salt  is  strewn  over  the  surface  of  the  solu- 
tion  in  order  to  precipitate  any  silver  which  may  have  been  dissolved 
by  the  sulphuric  acid  or  nitric  acid  which  may  have  been  contained  in 
the  unrefined  sulphuric  acid. 

262.  The  solution  is  then  allowed  to  stand  for  eleven  hours  without 
further  heating,  after  which  it  is  drawn  off  into  crystallizing-tanks  by 
means  of  a  siphon.  Since  1869  it  has  been  filtered  through  granulated 
lead,  and  since  1870  ^Iso  through  granulated  copper,  in  order  to  free  it 
from  any  floating  argentiferous  slime,  and  also  to  precipitate  the  last 
traces  of  silver.  As  soon  as  the  granulated  lead  and  copper  contain 
about  1  per  cent,  silver,  the  filters  are  renewed.  It  takes  about  one  and 
a  half  months  before  the  granules  become  this  rich  in  silver.  From  3 
to  4  per  cent  more  silver  is  obtained  by  the  employment  of  these  filters 
than  before  they  came  into  use.  The  loss  ot  silver  in  this  process  has 
been  by  this  improvement  reduced  to  2  per  cent. 

The  crystallizing-tanks  are  made  of  wood,  lined  on  the  inside  with 
8  M 
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sheet-lead.  They  are  3  meters  long,  1.37  meters  wide,  and  1.10  meters 
deep,  and  have  a  capacity  of  4  cubic  meters,  which  corresponds  to  that 
of  an  evaporating-pan.  From  120  to  150  lead  strips  are  hang  in  each 
crystallizing- tank,  upon  which  the  crystals  form.  The  first  crystals  gen- 
erally form  after  about  two  days.  In  order  to  produce  large  crystals, 
the  strips,  which  are  already  covered  with  crystals,  are  hung  in  the 
solution  several  times.  Small  crystals  are  always  formed  on  the  bottom 
of  the  tanks,  but  as  they  are  always  impure  they  are  put  back  into  the 
raw  solution. 

263.  After  the  close  of  the  crystallization  process,  the  crystals  are 
removed  from  off  the  lead  strips  and  then  placed  upon  an  inclined  table, 
where  they  drain  off;  they  are  then  packed  and  ready  for  market.  The 
remaining  mother-liquid  is  then  tapped  off  into  a  basin,  from  which  it  is 
forced  up  into  the  evaporating-paus  by  a  Giffard  injection,  and  nsed 
again  for  dissolving  the  raw  vitriol.  The  copper-vitriol  of  Altenau  is 
distinguished  for  its  purity,  as  may  be  perceived  by  the  following  analy- 
sis: 

Per  oenL 

Iron 0. 0107 

Antimony 0.0123 

Arsenic 0.0064 

Zinc Trace. 

Nickel Trace. 

Silver 0.0006 

0.0300 

The  remaining  argentiferous  slime  from  the  vitriol  solution,  after  it 
has  been  drawn  off  into  the  evaporating-pans,  is  conducted  to  special 
boxes  and  well  washed.  The  wash-water  goes  with  the  mother-liquids 
into  the  evaporating-pan s.  The  following  is  an  analysis  of  the  argen- 
tiferous slime : 

Per  cent. 

Silver 3.100 

Gold 0.001 

Copper,  (partly  as  0  a  O  SO3  +  5  Fbo.) 7. 150 

Lead,  (50. 44  per  cent.  Pbo  SO3) 34. 460 

Antimony,  (17.00  percent.  Sb  O3) 14.330 

Arsenic 3. 150 

Sulphuric  acid 16. 670 

264.  The  argentiferous  slime  while  still  moist  is  mixed  with  equal 
weight  of  litharge,  formed  into  balls,  dried  and  then  subjected  to  a  re- 
ducing-smelting  in  a  litharge-reduction  blast-furnace,  with  a  flux  of  slag 
from  ore  and  matte  smelting.  The  resulting  products  are  silver-lead, 
slag,  rich  in  lead,  and  a  matter  rich  in  silver. 

265.  The  silver-lead  containing  1.60  per  cent,  to  1.90  per  cent  = 
437  oz.  to  554  oz.  silver,  is  cupelled.    The  resulting  silver,  however, 
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contains  more  copper  tliaii  that  from  the  lead-smelting.  It  is  sent  to 
Lautenthal  for  refining.  The  litharge  is  again  used  for  mixing  with  the 
argentiferous  slimes.  The  slag,  containing  17  to  20  per  cent,  lead  and 
0.004  to  0.010  per  cent.  =  6  oz.  3  dwt.  7.68  gr.  to  2  oz.  18  dwt.  4.8  gr.  sil- 
ver,  is  added  to  the  lead-matte  smelting-charge. 

The  matte  rich  in  silver  is  formed,  as  the  argentiferous  slimes  contain 
much  copper ;  a  part  of  the  sulphuric  acid,  which  it  also  contains,  is  re- 
duced to  sulphur  and  this  combines  with  the  copper,  the  result  being  a 
matte.  It  contains  about  0.37  to  0.70  per  cent.  =  107  oz.  17  dwt.  to  204 
oz.  2  dwt.  silver,  12  per  cent,  lead,  36  per  cent,  copper,  and  much  anti- 
mony and  arsenic.  The  formation  of  the  product  is  not  wished.  For 
its  further  manipulation  it  is  smelted  with  metallic  iron,  and  the  result 
ing  products  are  silver -lead,  containing  about  1.13  per  cent.  =  328  oz. 
17  dwt.  silver,  slag  carrying  5  to  6  per  cent,  lead,  and  0.003  per  cent.  *= 
17  dwt.  11.52  gr.  per  ton,  and  copper-matte  with  38  per  cent,  copper,  0.3 
per  cent,  silver,  (87  oz.  S  dwt.  14  gr.  per  ton,)  and  12  per  cent.  lead.  The 
silver-lead  is  cupelled,  the  slag  is  used  as  a  flux  by  the  reduction  of  the 
argentiferous  slimes,  and  the  copper-matte  collected  until  there  is  a  suf- 
ficient quantity  for  its  further  treatment. 

266.  The  annual  production  of  copper- vitriol  at  Altenau  is  450,000 
kilograms. 

267.  Andreasberg. — Foreign  silver-ores  (Mexican)  are  the  principal 
subjects  of  the  Andreasberg  metallurgical  processes,  as  the  silver  and 
lead  ores  from  the  neighboring  mines,  and  the  old  slags,  containing 
small  quantities  of  lead  and  silver,  form  but  a  small  proportion  of  the 
material  treated.  The  ores  have  a  very  varied  composition  and  are 
mostly  of  a  rebellious  nature.  The  local  ores  are  galena,  with  small 
quantities  of  silver  mineral,  copper  and  iron  pyrites,  blende  tetrahedrite 
and  bournonite,  calcite,  quartz,  and  argillaceous  slate.  The  ores  were 
formerly  roasted  in  free  heaps,  but  are  now  roasted  in  reverberatory 
furnaces  which  are  connected  with  a  system  of  condensation-chambers. 

268.  The  smelting  processes  are  divided  into  two  classes :  the  first  is 
for  the  ores  which  contain  gold,  the  second  is  for  ores  which  are  free 
frpm  gold.  The  composition  of  the  charge  is  almost  constantly  changed, 
which  is  owing  to  the  varying  nature  of  the  ores.  The  gangue,  as  a 
rule,  is  very  diflQcult  to  fuse,  and  demands  a  large  amount  of  flux.  For 
this  purpose  slag  from  the  ore-smelting  is  added.  That  portion  is  taken 
which  is  the  richest  in  lead,  silver,  and  gold.  This  slag  has  the  follow- 
ing composition  :* 

Iron  protoxide 13. 7  24.  7 

Silicic  acid 42.6  40.9 

Alumina 19. 5  15. 3 

Lime 12. 6  8. 8 

Magnesia 7. 1  6. 6 

*  The  data  for  Andreasberg  are  mostly  from  Dr.  Wedding's  communication  in  the 
Trenssische  Zeitsehrift, 
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Copper  protoxides 0. 27 

Lead-oxide 1. 2  1. 25 

Silver 0.0025       0.003 

96. 6025     97. 823 

It  has  been  observed  that  a  very  small  proportion  of  the  gold  in  com- 
parison to  the  silver  enters  the  slag  and  matte.  The  charge  for  the  first 
and  second  classes  of  ores,  respectively,  averages — 

1.  2. 

Kilograms.        Kilograms. 

Ore 100  100 

Lead-flux 75  50 

Slag  from  ore-smelting 287  211 

Sfeg  from  the  Lower  Ilarz 20  48 

Boasted  lead-matte - 29  31 

1  kilogram  coke  carries 7. 4 

The  round  farnace  smelts  in  twenty-four  hours 6, 600  6^  650 


7.2 


The  Bachette  furnace  is  sometimes  used  for  ore-smelting.  The  quan. 
tity  of  lead-flux  is  dependent  upon  the  percentage  of  silver  iu  the  ore. 
In  this  connection  the  following  rule  is  observed :" 

Lead-flux  is  added  to  the  charge,  in  which  the  ore  contaius  from  0^ 
per  cent.=58.3oz.  to  0.5  per  cent.=:145.8  oz.  silver;  silver-lead  prodaced 
contains  0.5  per  cent.=145.8  oz.  silver;  from  0.5  per  cent.=145.8  oz.  to 
1  per  cent. =291  oz.  silver,  silver-lead  produced  contains  1  per  cent= 
291  oz.  silver;  from  0.5  per  cent. =145.8  oz.  to  1  per  cent. =291  oz.  silver, 
silver-lead  produced  contains  from  1  per  cent. =291  oz.  to  2  per  cent-= 
683  oz.  silver. 

It  is  here  apparent  that  the  principle  always  kept  in  view  is,  the 
greater  the  quantity  of  lead  in  proportion  to  the  silver  put  in  the  charge 
the  less  silver  is  slagged  or  absorbed  by  the  intermediate  products  ;  but 
the  lead  loses  through  volatilization,  &c.,  and  the  consumption  of  fuel 
in  smelting  and  desilverizing  the  silver-lead  is  increased. 

269.  The  amount  of  gold  contained  in  the  silver  extracted  directly 
from  the  Mexican  ore,  and  the  by-products  in  treating  the  same,  is  as 
follows :  Silver  extracted  directly  fix)m  the  ore  contains  0.887  per  cent.  = 
259  oz.  15  dwt.  8  gr.,  gold;  silver  exti^acted  from  lead- matte  contains 
0.140  per  cent.  =  40  oz.  15  dwt.  4.8  gr.  gold;  silver  produced  fiDin 
assaying  slag  from  ore-smelting  contains  0.277  per  cent.  =  80  oz.  14  dwt. 
14.4  gr.  gold ;  silver  extracted  from  fumes  contains  0.3  per  cent.  =  87 
oz.  8  dwt.  14  gr.  gold.  The  silver  extracted  from  Andreasberg  ores, 
and  the  by-products  produced  in  treating  the  same,  contain  the  gold  in 
exactly  an  inverse  ratio.  This  has  been  ascribed  to  the  fact  that  the 
gold  is  very  finely  divided  in  the  Andreasberg  works  when  compared  to 
the  Mexican  ores.  The  following  are  average  assays :  Silver  extracted 
directly  from  ore  contains  0.018  per  cent,  =  5  oz.  4  dwt.  20.6  gr.  to  0.01  per 
cent.  =  2  oz.  18  dwt.  4.8  gr.  gold ;  silver  extracted  from  lead-matte  con- 
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tains  0.07  per  cent.  =  20  oz.  8  dwt.  4.8  gr.  to  0.024  per  cent.  =  6  oz.  19 
dwt.  22  gr.  gold  j  silver  produced  from  assaying  slag  from  ore-smelting 
contains  0.1  per  cent.  =  29  oz.  2  dwt.  gold.  The  slag  produced  by  this 
operation  is  added  to  the  charge  for  the  ore-smelting.  The  silver-lead 
containing  less  than  0.5  per  cent.  =  145  oz.  10  dwt.  silver,  is  sent  to 
Lantenthal  for  dasilverization.  The  silver-lead  assaying  over  0.5  per 
cent,  silver  is  cupelled. 

270.  Silver-ores  containing  10  per  cent.  =  2,916  oz.  silver,  or  more, 
are  added  in  quantities  of  50  to  100  kilograms  to  about  5,000  kilograms 
silver-lead.  The  silver-lead  is  melted  on  the  cupellation-hearth,  the 
abstrich  drawn  off,  and  the  rich  silver-ore  is  thrown  in  the  metallic  bath 
by  means  of  an  iron  spoon ;  whereupon  the  temperature  is  raised  and 
kept  at  a  high  point  for  about  one  hour.  At  the  end  of  this  period  the 
lead  and  lead-oxide  will  have  absorbed  the  greater  part  of  the  silver. 
The  slag  formed  by  the  gangue  of  the  silver-ore  and  lead-oxide  is  drawn 
off  by  means  of  a  piece  of  wood  fastened  at  a  right  angle  on  an  iron 
rod.    The  cupellation  process  is  then  conducted  as  usual. 

271.  The  matte  is  roasted  in  shaft-furnaces,  (kilns,)  whereby  the  con- 
tents of  sulphur  are  reduced  from  23.4  per  cent,  to  5  per  cent.  These 
furnaces,  and  also  the  reverberatory  roasting-fumaces,  are  connected 
with  a  condensation  canal.  The  sides  are  built  of  slag-bricks,  and  are 
covered  with  iron  plates ;  these  are  made  air-tight  by  a  coating  of  tar. 
The  condensed  fumes  consist  chiefly  of  arsenious  and  sulphurous  acid, 
and  contain  0.006  per  cent.  =  1  oz.  14  dwt.  16.22  gr.  silver,  and  from 
4.2  to  OS  per  cent.  lead. 

The  charge  for  matte-smelting  is  as  follows : 

Kilo^ams. 

Eoasted  matte 100 

Lead-flux 38 

Slag 170 

One  kilogram  coke  carries  7.7  kilograms  charge;  6,050  kilograms 
charge  are  smelted  in  a  Eachette  furnace  in  twenty-four  hours. 

The  slag  produced  has  the  following  composition  : 

Per  cent. 

Iron  protoxide •. 38. 50 

Silicic  acid 30. 15 

Alumina 15. 90 

Lime 10.  03 

Magnesia 1. 05 

Copper  protoxide 0. 05 

Lead  oxide 3. 55 

Silver 0.003 


99. 233 


The  slag  from  the  old  slag-dumps  is  smelted  with  the  slag  produced 
from  day  to  day.    The  slag  produced  by  this  operation  is,  on  account  of 
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a  lack  of  bases  in  tbe  charge,  comparatively  rich  iu  lead  and  silver,  as 
the  annexed  analysis  will  show  : 

Per  cent. 

Silicic  acid 47.  75 

Iron  protoxide IS.  90 

Alumina 21. 20 

Lime 6. 00 

Magnesia 2. 90 

Lead  oxide 2. 25 

Silver 0. 001 

Arsenic  and  antimony Trace. 

Total M,  001 

There  are  produced  from  the  old  slag  144,338  kilograms  silver-lead, 
assaying  0.056  per  cent.=16  oz.  6  dwt.  13.9  gr.  silver,  and  134,600  kilo- 
grams matte. 

272.  For  1871  the  works  at  Audreasberg  treated  518,000  kilograms 
ore ;  137,000  kilograms  of  which  was  from  the  mines  near  that  place. 

273.  Lautenthal. — The  ores  treated  at  Lautenthal  have  the  same 
general  composition  as  the  Clansthal  ores.  The  smelting  processes  are 
conducted  on  the  same  principle  as  that  which  has  been  described  when 
treating  of  Clausthal;  a  modification,  however,  is  caused  iu  the  ore- 
smelting  by  a  larger  percentage  of  silica  and  zinc  contained  in  the  ore  ; 
an  increased  amount  of  basic  copper-slag  and  matte  is  therefore  added 
to  the  ore-charge.  As  the  other  operations  have  already  been  spoken 
of,  it  will  suffice  to  remark  that  the  ore-smelting  is  conducted  entirely 
in  Kachette  furnaces  with  twelve  tuyeres.  The  lead-matte  has  been 
roasted,  since  the  fall  of  1873,  in  shaft-furnaces.  The  fumes  are  utilized 
in  the  sulphuric-acid  manufactory  which  was  completed  in  the  same 
year.    The  black  copper  is  sent  to  Altenau  for  further  treatment. 

274.  The  silver-lead  produced  at  all  the  smelting-works  is  desilverized 
at  Lautenthal,  with  the  exception  of  the  rich  silver-lead  and  that  pro- 
duced by  smelting  the  old  slags,  which  contain  a  large  amount  of  copper, 
(Audreasberg,)  and  the  silver-lead  produced  by  the  matte-smelting  at 
Altenau  and  Clausthal,  which  are  either  too  rich,  (Audreasberg,)  or  con- 
tain so  much  copper  that  they  are  rendered  unsuitable  for  the  ziuc- 
desilverization  process,  and  are  therefore  cupelled  without  undergoing 
any  concentration. 

275.  Pattinson's  process,  which  was  introduced  at  Lautenthal  in  1864. 
was  superseded  in  1868  by  desilverization  by  means  of  zinc.  This  was 
materially  improved  in  1869  by  the  introduction  of  steam  (Cordiirie's 
system)  as  an  oxidizing  and  poling  agent. 

270.  The  silver-lead  produced  at  the  difl'erent  works  in  the  Upper  Harz 
was  formerly  so  pure  that  it  could  be  desilverized  by  the  crystallization 
process  after  having  been  melted  in  an  iron  kettle  and  poled.  Its  com- 
position has  not  materially  changed  since  that  process  was  practiced. 
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Although  it  contains  a  large  number  of  foreign  substances,  the  quantity 
is  so  small  as  not  to  make  it  an  impure  article,  as  the  analysis  by  Herrn 
Hampe,  of  Clansthal,  will  show  : 
Silver-lead  from — 


' 

Laatenthal. 

ClanBthal. 

Altenaa. 

X>eAcl 

98.964 
0.283 
0. 574 
0.007 
0.008 
0.143 
0.008 
0.002 
0.006 
0.0003 
Traces 

98.929 
0.186 
0.720 
0.006 
0.004 
0.141 
0.006 
0.002 
0.002 
0.0001 
Traces 

98.837 

Copper 

0.239 

Antimonv 

0.768 

Arsenia 

0.0009 

lUsmuth. 

0.003 

Silver 

0.140 

Iron 

0.003 

Zinc 

0.003 

>'ickol 

0.002 

Cobalt 

0.0001 

Cadiuinin 

Traces . 

Total 

99.9953 

99. 9961 

99. 9950 

• 

Although  the  silver-lead  from  each  work  is  desilverized  separately, 
they  are  all  treated  in  the  same  manner.  The  process,  as  now  con- 
ducted, may  be  regarded  as  giving  general  satisfaction,  with  the  excep- 
tion of  the  present  method  of  extracting  the  silver  from  the  rich  oxide. 
Should  the  advantages  of  the  method  lately  introduced  at  Tarnowitz  be 
confirmed  by  a  sufficiently  long  trial,  it  will  be  adopted  at  Lautenthal. 

277.  The  desilverizatioyi  of  silver-lead  hy  means  of  zinc. — Silver-lead  is 
treated  in  fourteen  Pattinson  kettles  1.665  meters  in  diameter,  and  0.75 
meter  deep.  Each  kettle  is  provided  with  a  fire-place  and  separate 
chimney  8  meters  high.  Every  three  kettles  form  a  battery.  The  two 
outside  kettles  are  used  for^l^elting  and  desilverizing  the  silver-lead, 
and  the  middle  kettle  is  used  for  liquating  the  zinc-scum  and  desilver- 
izing the  lead  therefrom.  One  kettle  is  employed  to  oxidize  the  zinc 
in  the  rich  zinc-dust  {ziywJcstauh)  and  in  the  fourteenth  the  abstricli  is 
fused  and  poled.  This  kettle  lasts  but  a  short  time,  as  the  iron  is  at- 
tacked by  the  antimony,  &c.  The  steam  is  generated  in  an  iron  boiler, 
(a  second  boiler  being  held  in  reserve),  and,  before  entering  the  desilveri- 
zation-kettles,  passes  through  a  steam-heating  oven.  A  sheet-iron  pipe, 
about  0.25  meter  in  diameter,  runs  from  the  condensation-chambers 
through  the  building  about  2.2  meters  above  the  floor;  from  this  seven 
iron  joints  (one  to  every  two  kettles)  are  projected  at  a  right  angle  to 
the  main  pipe;  each  joint  serves  to  connect  the  main  pipe  with  the  iron 
liood  which  is  placed  on  the  kettles  while  the  steam  is  being  conducted 
in  the  molten  metal. 

278.  Melting  tlie  charge  and  removing  the  dbzug. — ^The  silver-lead  con- 
tains 0.13  to  0.14  per  cent.=37  oz.  16  dwt.  19  gr.  to  40  oz.  15  dwt.  4.8 
gr.  silver.  The  charge  is  12,500  kilograms,  which  is  melted  in  seven 
hours.  If  the  fire  is  carefully  regulated  the  skimmings {aJbzugschlicker) 
composed  partly  of  the  copper,  iron,  &c.,  contained  in  the  silver-lead, 
lie  on  the  top  of  the  metallic  bath,  forming  a  dark-colored  crust  from  2 
to  4  centimeters  thick.  This  is  removed,  and  after  having  been  liquated, 
is  smelted  with  unroasted  matte,  {vide  abzug-smelting.) 


120  VIENNA   INTERNATIONAL   EXHIBITION,    li573. 

279.  Extraction  of  gold  and  copper. — First  addition  of  zinc. — After  the 
abzng  has  been  removed,  22.5  kilograms  zinc  is  added  to  the  silver-lead 
and  the  fire  increased.  The  zinc  melts  in  about  half  an  hour,  when  the 
metallic  bath  is  agitated  for  fifteen,  minutes  with  an  iron  disk  35  centi- 
meters in  diameter,  which  is  perforated  \idth  round  holes  2  centimeters 
in  diameter.  The  fire  is  now  lowered,  and  in  order  that  the  bath  may 
not  cool  from  the  bottom  or  the  side,  the  fire  is  only  covered  with  ashes 
and  the  draught  turned  ofi:'.  The  metallic  bath  is  now  allowed  ^to  re- 
main  quiet  about  three  hours.  At  the  end  of  this  time  a  blue  and  violet 
crust,  termed  Jcupferachaum,  (copper-scum,)  4  to  6  centimeters  thick,  is 
formed,  in  which  the  gold  and  copper  contained  in  the  silver-lead  are 
concentrated.  The  percentage  of  silver  in  the  copper-scum  is  the  same 
as  in  the  original  silver-lead.  The  silver  produced  from  this  contains 
about  0.12  to  0.2  per  cent.  =  34  oz.  18  dwt.  to  58  oz.  6  d wt.  gold.  The  cop- 
per-dross weighs  about  500  kilograms.  It  is  removed  from  the  kettle 
with  iron  ladles  about  20  centimeters  in  diameter,  perforated  with  holes 
1  centimeter  in  diameter.  It  is  cast  in  molds  and  set  aside  until  a  large 
quantity  has  accumulated,  when  it  is  treated  in  the  same  manner  as  the 
zinc-scum.  The  enriched  auriferous  lead  and  oxides  are  also  cnx>elled 
independently  of  the  silver-lead,  &c.,  and  produce  silver  in  which  all  of 
the  gold  contained  in  the  original  silver -lead  is  concentrated.  After  the 
scum  has  been  removed  the  crusts  which  may  have  formed  on  the  side 
of  the  kettle  are  scraped  loose  with  small  iron  spades ;  they  are  then 
ladled  out  and  added  to  the  copper-dross.  An  advantage  of  this  process 
is  that  small  quantities  of  gold  are  concentrated  in  a  small  portion  of  sil- 
ver and  are  extracted,  which  otherwise  might  be  lost. 

280.  There  are  two  theories  advocated  in  regard  to  the  crystalline  cop- 
per-zinc and  silver-zinc  alloy  separating  from  the  zinc-lead  alloy  and  rising 
to  the  surface  of  the  metallic  bath.  According  to  one,  it  is  in  conse- 
quence of  the  difference  in  their  respective  specific  gravities.  The  other 
theory  is  that  it  is  owing  to  the  difference  in  the  congealing  temperature 
of  the  two  alloys.  Herr  E.  Koch,  of  Clausthal,  attempted  to  make  a 
separation  of  the  two  alloys  by  throwing  water  on  the  surface  of  the 
molten  liquid,  but  was  unsuccessful.  He  then  placed  a  U-shaped  hol- 
low iron  tube  in  the  molten  alloy,  cooled  by  means  of  water,  and  kept  it 
there  during  the  process,  but  the  mass  that  congealed  on  the  iron  per- 
mitted no  deduction  favorable  to  his  conclusion,  as  the  lead-zinc  alloy 
was  solidified  in  about  the  same  proportion  as  the  silver-zinc  alloy.  He 
concluded,  therefore,  that  th^  theory  of  the  specific  gravity  was  false, 
and  that  of  the  congealing  temperature  was  the  correct  one.  To  say 
the  least,  his  conclusion  was  erroneous ;  for  the  advocates  of  the  first- 
mentioned  theory  are  aware  that  a  sudden  cooling  does  not  facilitate 
the  separation ;  on  the  contrary,  it  is  the  slow  and  gradual  sinking  of 
the  temperature  that  enables  the  alloy  whose  specific  gravity  is  lighter 
to  ascend.  I  would  take  still  another  step.  It  is  more  than  probable 
that  the  separation  is  not  owing  to  either  one  of  the  theories  advanced, 
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but  to  both.    When  the  zinc  has  been  well  mixed  with  the  molten  liquid, 

we  have  seen  that  the  fire  is  only  covered  with  ashes,  so  that  the  bottom 

and  side  are  kept  warm,  and  the  metallic  bath  is  cooled  only  from  above. 

Zinc  having  a  greater  affinity  for  silver  than  lead  for  silver,  displaces  it 

and  forms  new  alloys ;  the  alloy  of  silver-zinc,  having  a  smaller  specific 

gravity  than  the  lead-zinc  alloy,  ascends,  and,  coming  in  contact  with 

the  vei*y  slightly  cooled  metal,  is  solidified  first,  in  virtue  of  a  higher 

congealing  temperature.     Its  tendency  is  then  to  float  on  the  surface, 

but  a  small  portion  settles  on  the  side  of  the  kettle  if  that  has  become 
cooled. 

281.  Uxtraction  of  silver. — Second  addition  of  ziud. — ^The  fire  is  raised 
and  a  second  charge  of  90  to  95  kilograms  zinc  is  added.  One  hour  is 
consumed  in  melting  this;  at  the  end  of  that  time  the  metallic  liquid  is 
well  stirred  for  one-quarter  to  one-half  an  hour.  The  fire  is  then  cov- 
ered with  ashes,  and  the  bath  is  allowed  to  stand  three  to  three  and  a 
half  hours  undisturbed.  The  iridescent  crust  which  forms  is  3  to  5  cen- 
timeters thick.  It  is  termed  zinkscliaum^  (zinc-scum.)  The  crust  is  re- 
moved with  iron  ladles  and  thrown  into  the  next  (middle)  kettle.  The 
crust  is  now  removed  from  the  side  of  the  kettle  by  scraping  with  an 
iron  spade,  reheating  the  bath  and  allowing  it  to  cool,  whereby  the  sil- 
ver-zinc alloy  rises  to  the  surface,  and  is  ladled  int/O  the  middle  kettle. 
The  lead  now  contains  about  0.005  per  cent.  =  1  oz.  9  dwt.  3.8  gr.  silver. 

Experiments  were  made  in  the  summer  of  1873  to  hasten  and  facilitate 
the  formation  of  the  silver-zinc  alloy  by  conducting  steam  into  the  bath, 
but  the  formation  of  a  l£lrge  quantity  of  oxides  was  more  than  an  offset 
to  any  advantages  this  might  have  shown.  It  was  also  attempted  to 
effect  a  saving  in  zinc,  by  substituting  the  silver-zinc  alloy,  obtained 
from  the  third  addition  of  zinc  to  a  previous  charge,  for  a  portion  of  the 
95  kilograms  zinc  added  above.  But  it  was  found  not  to  be  an  econom- 
ical method,  as  the  amount  of  silver  extracted  thereby  was  smaller  than 
in  the  usual  method,  leaving  more  silver  in  the  remaining  lead,  and 
necessitating  an  increased  third  addition  of  zinc. 

282.  Third  addition  of  zinc. — The  temperature  is  raised,  and  53  kilo- 
grams of  zinc  is  added  to  the  remaining  molten  liquid.  The  manipula- 
tions are  conducted  exactly  as  with  the  second  addition  of  zinc,  with 
the  exception  of  a  longer  scraping  of  the  kettle-side.  The  temperature 
is  also  raised  and  lowered  three  times  to  insure  a  complete  removal  of 
the  silver-zinc  alloy. 

283.  The  alloy  is  ladled  into  the  adjoining  kettle,  which  contains  the 
alloy  from  the  preceding  operation.  The  total  amount  of  zinc-scum  pro- 
duced is  3,300  kilograms.  If  the  remaining  lead  assays  over  0.0006  per 
cent.  =  3  dwt.  11.9  gr.  in  silver,  about  7.5  kilograms  zinc  are  added  and 
the  last  operation  repeated.  Should  it  not,  which  is  generally  the  case, 
it  is  refined  by  means  of  superheated  steam. 

284.  Oxidizing  zinc  and  antimony, — By  this  operation  zinc  (0.5  per 
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cent.)  is  first  removed,  it  being  one  of  the  metals  oxidizable,  when  in  a 
heated  condition,  by  the  oxygen  of  the  steam. 

285.  Antimony,  having  a  greater  affinity  for  lead  than  for  silver- 
remains,  and  is  also  to  be  removed ;  but  as  it  does  not  decompose  steam 
to  a  great  extent,  even  when  at  a  high  heat,  it  mast  be  eliminated  by  a 
separate  operation.  For  this  purpose  steam  is  again  conducted  into  the 
bath,  and  acts  as  an  agitator ;  the  antimony  is  oxidized  by  the  oxygen 
of  the  air.  A  bent  iron  pipe,  about  3.5  centimeters  in  diameter,  extend- 
ing to  the  bottom  of  the  kettle,  is  fastened  to  the  mason-work  on  which 
the  kettle  rests.  This  is  used  to  conduct  the  steam  into  the  molten  liquid. 
A  sheet-iron  hood  is  Bcxt  fastened  and  luted  with  damp  clay  to  the  kettle. 
This  is  about  1  miMimeter  high ;  has  the  same  diameter  as  the  kettle, 
and  connects  with  the  large  pipe  leading  to  the  condensation-chambers. 
It  has  three  small  doors  10  centinieters  square.  The  molten  liquid  is 
now  heated  to  a  little  below  cherry-red  heat ;  and  superheated  steam 
is  conducted  into  the  bath  under  a  pressure  of  two  atmospheres;  as  the 
air  is  excluded,  the  temperature  remains  higher,  the  steam  is  decom. 
posed,  and  the  zinc  is  almost  entirely  oxidized  in  one  and  one-half 
hours.  The  oxides  first  formed  are  mixed  with  the  liquid  lead,  but  as 
the  operation  progresses  they  become  "  dry  "  and  yellow,  which  is  an 
indication  that  all  of  the  zinc,  together  with  a  small  quautity  of  lead, 
has  been  oxidized. 

286.  The  lead  is  now  tested  for  zinc.  This  is  done  by  taking  oat  a 
small  ladleful  and  scraping  the  surface  while  hot  with  a  piece  of  wood. 
The  lead  is  free  from  zinc  if  the  peculiar  silky  appearance  is  absent, 
which  is  caused  by  zinc.  The  hood  is  lifted  up  and  the  poor  oxides  are 
removed.  After  the  hood  has  again  been  fastened  on  the  kettle,  and 
the  three  doors  opened,  the  metallic  liquid  is  heated  to  a  cherry -red  heat, 
and  superheated  steam  conducted  into  the  bath  for  one  and  one-half  to 
two  hours.  The  completion  of  this  operation  is  known  by  taking  out  a 
small  ladleful  of  lead  and  allowing  it  to  cool.  The  absence  of  antimony 
is  shown  by  the  non-appearance  of  a  small  crystalline  spot  on  the  snriace 
of  the  solidified  lead.  The  abstrich  is  removed  and  steam  conducted 
in  the  bath  lor  three  to  six  minutes,  whereby  a  small  qunatity  of  red 
litharge  forms,  which  is  an  additional  proof  that  the  lead  is  free  from 
impurities.  The  lead  is  then  allowed  to  cool.  Five  hours  are  consumed 
in  casting  the  *'  refined  Harz  lead  "  into  molds ;  about  7,500  kilograms 
of  lead  are  produced  from  each  charge  of  12,500  kilograms. 

287.  It  has  happened  that  crusts  containing  silver  have  adhered  to 
the  kettle,  and  have  been  resmelted  in  the  high  temperature  just  employed, 
and  mixed  with  the  desilverized  lead.  Therefore  the  refined  lead  is  always 
assayed  before  casting,  and  if  it  contains  more  than  0.0006  per  cent, 
silver,  it  is  cast  in  molds,  set  aside,  and  added  in  small  quantities  to 
other  charges  before  the  third  addition  of  zinc. 

288.  The  regulation  of  the  temperature  is  of  great  importance  in  both 


SMELTING    SILVER-LEAD    AT   LAUTENTIIAL.  123 

these  operations.  If  it  is  too  low  the  oxidizing  period  is  lengthened  and 
there  is  a  greater  amount  of  lead  oxidized.  Gare  is  taken  at  the  same 
time,  that  the  temperature  shall  not  be  too  high,  as  the  kettle  would 
soon  be  destroyed. 

289.  Liquation  of  the  zinc-scum, — The  middle  kettle  is  filled  about  three- 
quarters  full  with  the  zinc-scum  from  the  kettle  on  either  side.  The  fire 
is  raised  gradually,  and  the  unmelted  crust  {zinkstauh)  is  removed. 
The  fire  is  now  lowered  and  the  crust  thereby  formed,  {zinkstauh^)  zinc- 
dust,  is  removed  and  added  to  the  unmelted  crust.  The  fire  is  again 
raised  and  lowered  twice,  the  crust  formed  being  drawn  off  each  time  ; 
the  total  amount  of  zinkstauh  produced  is  2,500  kilograms.  From  10  to 
20  kilograms  zinc  is  now  added  to  the  lead  and  the  same  operation  is 
repeated  as  by  the  third  addition  of  zinc.  The  lead  remaining  in  the 
kettle  contains,  besides  zinc,  a  small  amount  of  antimony.  The  presence 
of  the  latter  is  owing  to  a  small  quantity  of  the  silver-lead  taken  over 
with  the  zinc-scum.  The  zinc  and  antimony  are  removed  as  in  the  pre- 
ceding operation;  the  length  of  time  for  oxidizing  the  antimony  is,  how- 
ever, shorter ;  one  to  one  and  a  half  hours  being  sufficient.  The  lead 
produced  is  termed  "  refined  Harz  lead." 

290.  DezincMfying  the  zinc-dust — This  operation  is  performed  in  the 
end  kettle,  and  as  a  high  temperature  is  maintained  the  kettle  is  sooner 
destroyed  than  the  others.  If  the  zinc-dust  which  is  to  be  dezinckified 
is  too  "  dry,"  it  contains  only  a  very  small  quantity  of  lead.  The  bottom 
of  the  kettle  not  being  covered  with  a  liquid  is  soon  attacked,  and  is 
liable  to  crack.  About  5,000  kilograms  zinc-dust  are  charged,  the  steam- 
conductor  placed  in  position,  and  the  hood  fastened  and  luted  to  the 
kettle.  This  hood  is  1.4  meters  high,  and  is  provided  with  three  small 
doors,  which  are  kept  closed  during  the  operation. 

The  temperature  of  the  metallic  bath  is  now  raised  to  a  bright  cherry- 
red  heat,  and  superheated  steam,  under  a  pressure  of  one  and  a  half 
atmospheres,  is  conducted  into  the  molten  liquid  for  four  to  six  hours. 
The  end  of  the  process  is  known  by  the  dryness  of  the  oxides  and  the 
formation  of  pure  litharge.  Before  the  hood  is  removed  steam  is  allowed 
to  enter  above  the  surface  of  the  bath  for  four  to  five  minutes ;  for  this 
purpose  an  extra  small  steam-pipe  is  used.  The  reason  for  this  is,  that 
the  alloys  just  treated  contain  so  much  zinc  (4  to  7  per  cent.)  that  a 
large  proportion  of  the  steam  is  decomposed  and  leaves  hot  gases 
charged  with  hydrogen  in  the  hood.  Were  these  not  first  driven  out 
with  free  steam,  the  hot  oxyhydrogen  gas  would  explode  upon  coming 
in  contact  with  the  air  and  wreck  the  condensation-chambers ;  this 
lias  several  times  occurred.  The  oxides,  weighing  2,000  kilograms,  are 
now  removed ;  care  being  taken  that  they  are  not  drained  too  dry,  as 
this  would  cause  a  greater  silver  loss  in  the  cupellation  process  by  vol- 
atilization, and  prevent  a  complete  absorption  of  the  silver  by  the  lead. 
The  enriched  silver-lead  remaining  in  the  kettle  weighs  3,000  kilograms. 
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The  oxides  contain  aboat  60  per  cent,  lead-oxide  and  40  per  cent,  zinc- 
oxide. 

291.  Cupellation. — From  5,000  to  7,500  kilograms  of  the  enriched  silver- 
lead,  with  2  per  cent.  =  583  oz.  silver,  are  laid  on  the  cupellation-hearth, 
the  hood  pat  in  position,  and  the  charge  fused.  When  the  temperatare 
approaches  a  bright,  yellowish-red  heat,  from  400  to  500  kilograms  of  the 
rich  oxides  containing  1.2  per  cent.  =  347  oz.  6  dwt.  silver,  are  thrown  on 
the  liquid  silver-lead.  A  brisk  fire  is  now  made,  the  blast  turned  on,  and 
the  cooling  caused  by  the  addition  of  the  oxides  is  soon  overcome,  and 
the  mass  fused.  When  the|zinc-oxides  have  become  desilverized,  which 
occurs  in  about  fifteen  minutes  in  the  high  heat  employed,  the  zinc-oxide 
is  drawn  off  by  means  of  a  piece  of  wood  on  an  iron  pole ;  care  is  taken 
to  have  the  metallic  bath  covered  with  a  thin  coating  of  the  oxide, 
as  otherwise,  litharge  would  form,  which  is  not  now  desired.  The  tem- 
perature is  then  raised,  thie  blast  turned  off,  and  the  preceding  operation 
is  repeated  until  the  rich  oxides,  (2,000  to  2,750  kilograms,)  have  been 
charged  and  the  desilverized  oxides  drawn  off.  The  cupellation  proc^ 
now  commences  and  is  conducted  as  usual.  The  litharge  formed,  how- 
ever, is  impure,  and  is  therefore;  reduced  together  with  the  slag  formed 
by  the  oxides  of  zinc  and  lead  and  metallic  lead,  containing  0.17  per 
cent.  =  49  oz.  10  dwt.  4  gr.  silver.  The  resulting  silver-lead  is  again 
desilverized.  After  the  silver  has  brightened,  hot  water  is  thrown  on 
it ;  an  iron  cross  is  then  set  in  the  silver,  which  is  further  cooled  with 
cold  water.  The  silver  is  y%*\f^  fine.  If  the  temperature  is  carefully  con- 
ducted, 6,000  kilograms  silver-lead  and  2,000  kilograms  rich  oxides  are 
cupelled  in  twenty  to  twenty-four  hours. 

292.  Liquation  of  skimmings^  (ahzug,)  When  a  sufiBciently  large  quan- 
tity of  skimmings  have  accumulated,  10,000  to  15,000  kilograms,  t^^^ 
are  liquated  ;  for  this  purpose  one  kettle  is  always  used.  From  1,000 
to  2,000  kilograms  of  skimmings  are  thrown  in  the  kettle  and  the  temper- 
ature is  gradually  raised  to  a  dark  cherry-red  heat ;  the  lead  is  liquated 
and  the  real  skimmings  pushed  together  and  removed.  The  rest  of  the 
skimmings  are  then  added  to  the  molten  liquid  and  liquated  in  quanti- 
ties of  500  to  1,000  kilograms  at  a  time.  In  about  fifteen  to  twenty 
hours  the  kettle  will  be  full  of  silver-lead,  which  is  ladled  into  the 
adjoining  kettle,  and  is  desilverized  with  three  additions  of  zinc.  It  is 
necessary  to  perform  the  desilverization  in  another  kettle  than  that  in 
which  the  skimmings  have  been  liquated,  for  the  reason  that  the  kettle 
is  strongly  attacked  by  the  alloys  ;  metal  containing  silver,  &c.,  adheres 
to  the  cavities  in  the  iron  kettle,  and  these  would  become  disengaged 
and  impurify  the  silver-lead  in  all  the  stages,  biit  particularly  in  the  last, 
of  its  subsequent  treatment. 

293.  Treatment  of  skimmings — Formerly  the  skimmings  were  added  to 
the  matte-charge;  this  produced  silver-lead  containing  so  much  copper 
that  it  was  impossible  to  iHEDffk  it  with  zinc.    The  skimmings  are  now 
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smelted  with  w/irotwte^  lead-matte ;  the  result  being  a  silver-lead  com- 
paratively poor  in  copper,  which  is  treated  with  zinc;and  matte,  which  is 
roasted  and  treated  with  the  copper-matte.  The  charge  is  as  follows : 
100  kilograms  skimmings:  100  kilograms  unroasted  lead-matte ;  75  kilo- 
grams slag  from  ore-smelting;  75  kilograms  slag  from' matte-smelting. 
294.  Manufacture  of  yellow  paint. — The  poor  oxides,  from  dezinckifyiug 
the  poor  lead  with  steam,  are  passed  through  a  sieve ;  the  pieces  of  lead 
are  set  aside,  and  the  finer  portion  is  washed  on  two  sleeping-tables, 
together  with  the  condensed  fumes  from  dezinckifyiug  and  softening  the 
hard  lead.  The  water  which  carries  off  the  oxides  runs  through  five 
old  Pattinson  pots,  where  the  oxides  are  allowed  to  settle.  The  large 
pieces  of  lead  and  the  lead  obtained  by  washing  the  oxides  and  poor 
fumes  are  reduced,  and  produce  an  inferior  grade  of  lead.  The  zinc  and 
lead  oxides  are  dried  in  an  oven  and  form  a  yellow  paint;  an  article 
much  sought  after.  It  is  composed  of  about  60  per  cent,  zinc  oxide  and 
40  per  cent,  lead  oxide ;  its  commercial  value  is  6  thaler — $4.26  gold — 
per  50  kilograms. 

295.— 


Time  consumed  in  desilverizing  12,500  kilograms  silrer- 

lead. 


Sours. 

Fusing  the  silver-lead 6 

Bemoving  the  skimming ^ 

Fusing  22  kilograms  zinc { 

Stirring f 

Cooling 3 

Bemoving  the  copper-scum 

Stirring,  scraping,  removing  scam 

Fa8ing93  kilograms  of  :eino 1 

Stirring i 

Cooling 3 

Bemoving  zinc-scum 

Stirring,  scraping,  removing  scum 

Faaing  53  kilograms  zinc 1 

Stirring 

Cooling 3 

Bemoving  zinc-scum 

Stirring,  scraping,  removing  scum 

Pezinokifyliig  poor  lead  witQ  steam 2' 

Bemoving  poor  oxides i 

Softening  with  steam 2 

Bemoving  abstrich i 

Bloving  steam  without  hood «...  t 

Casting  refined  lead 5 


30.35 


Weight  of  products  fh)m  charging  of 
12.500  kilograms  silver-lead  and  150 
kilograms  zinc. 


Kilogratiu. 
Skimmings 500 

>Copper-scum 500 

|zin<f-scum 9,000 

|zinc-scum 1,800 

Pooroxides 350 

Antimonial  dross 150 

Befinedlead 7.500 

12,800 
Lead-dross 200 

13,000 


The  surplus  weight  of  the  products  is  due  to  the  fact  that  several  of 
them  are  produced  in  an  oxidized  condition.  The  shift  is  twelve  hours, 
but  the  workmen  are  paid  per  cwt.  refined  lead  produced.  There  are 
four  workmen,  one  fireman,  and  an  overseer  in  each  shift;  two  work- 
men attend  to  two  batteries  of  three  kettles  each.  The  loss  in  lead  is 
1,62  per  cent;  the  loss  in  silver  (loss  in  assaying  calculated)  0.628  per 
cent.;  consumption  of  zinc,  1.4  per  cent. 


126  VIENNA   INTEENATIONAE   EXHIBITION,  1870. 

The  narz  refined  lead,  produced  from  Lautentlial  silver-lead,  con- 
tains, according  to  Herrn  SchoUmeyer,  in  1870,  the  foUowiDg  amount  of 

impurities : 

Ctt 0. 001413 

Sb.: 0.006698 

Fe.. 0.002289 

Zu 0.000834 

Ag .  0.00046 

Bi 0.005487 

Ni 0.00068 


0. 0X6861 

290.  The  following  results  of  the  silver-lead  treated  at  Lautenthal  by 
this  process,  in  1869,  were  published  by  Messrs.  Wedding  and  Bninning: 
Charge,  1,102,650  kilograms  silver-lead  =  1,584.17  kilograms  silver  and 
1,101,050  kilograms  lead. 

The  productions  were: 


Silver. 

Lead. 

Silver. 

Lead. 

Silver.  1.7621  kilocrama  contained  fine  silver 

KUogrami. 
1.6211 

KUogranu. 

940, 188 

95,587 

24, 475 

2,762 

2,937 

Percent 
102.372 

PercfnL 

Keflned  Harz  silver 

8a3s9 

MiflfU^nhl^r  (it^tftnpd  qnalitv bad) ,.T...r ^rx-.-.r 

e.Q« 

A Dtimonial  lead . .......... ........... 

2.^3 

Non-arcent-iferoQA  oxides 

0.2^ 

Commercial  litharire 3.200  kiloinrams 

o.d^ 

Total 

1,62U 

1,065,949 
19. 612 

102.372 

96uSa 

Unroasted  products  22,600  kilosrrams 

LTt^l 

Grand  total 

l,621i 

1,085.561 

102.372 

9b.  593 

The  unworked  products  were  carried  over  to  the  next  year  and  then 
treated. 

The  cost  of  desilverizing  1,000  kilograms  silver-lead  has  been  cal- 
culated by  the  following  gentlemen : 

Upper  Harz,  according  to  Herr  Tiling :  Cupellation,  5  thaler ;  zinc- 
desilverization,  6|  thaler;  lead  loss,  1.43;  silver  loss  =  0.628 per  cent; 
Pattinson's  process,  10  thaler. 

At  Havre,  according  to  M.  Graner : 


Zinc-desilverization . 
Pattinnon's  procesB  . 


Cost. 


Francs. 

20-25 

55 


Load  loss. 


Percent, 
1 
4-« 


I  Treated 
per  month. 


KUogrt 
50(1.000 
250,000 


Men  eio- 
plo3-ed. 


S3 
50-53 


297.  The  principal  manipulations  have  been  described,  and  the  others 
may  be  seen  by  referring  to  the  accompanying  genealogical  tree  of  this 
process.  It  will  at  first  appear  as  though  it  were  a  very  complicated 
process,  but  it  must  be  remembered  that  the  chart  illustrates  how  even 


tenthal. 


V 


utei 


utenthal. 


V 
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the  smallest  product  is  treated,  and  that  the  greater  proportion  (85  per 
cent.)  of  Ihe  lead  is  extracted  in  a  few  simple  manipulations. 

298.  This  process,  with  the  exception  of  the  imbibation  of  the  rich 
oxides,  is  undoubtedly  the  most  advantageous  for  works  where  large 
quantities  of  silver-lead  are  treated.  A  pure  silver-lead  is  not  necessary 
for  a  successful  operation  ;  it  is  only  when  it  is  rich  in  copper  and  anti- 
mony that  it  needs  a  softening ;  but  so  do  the  other  concentration  pro- 
cesses. The  loss  in  silver  and  lead  is  smaller  than  when  the  desilveriza- 
tion  is  conducted  according  to  Pattinson's  process,  or  when  the  zinc 
and  antimony  are  eliminated  from  the  poor  lead  in  a  reverberatory  fur- 
nace. Fewer  and  less  skillful  workmen  are  required,  and  smaller  quan* 
titles  of  coal  are  consumed,  than  with  Pattinson's  process.  By  the  data 
given  above  it  will  be  seen  that  with  a  few  kettles  a  large  quantity  of 
silver-lead  can  be  treated  in  a  short  time  with  but  very  small  quantities 
of  intermediate  products,  and  producing  a  remarkably  large  percentage 
of  commercial  lead  of  a  superior  quality. 

299.  The  Lower  Harz. — ^The  display  made  by  the  smelting- works 
of  the  Lower  Harz  was  not  so  large  or  so  complete  as  that  made  by  the 
works  situated  in  the  Upper  Harz ;  but  the  specimens  exhibited  were 
exceedingly  interesting. 

The  Oker  Saiger  Hiitte  exhibited  statistical  charts,. pyritous  ores  from 
the  Bammelsberg  mine;  from  a  worked-out  part  of  (gob)  the  same  mine 
large  and  good  crystals  of  copper  and  iron  vitriol,  which  resembled  ar- 
tificially-produced crystals ;  also  cement,  copper,  and  mine-water,  con- 
taining salts  of  copper  and  iron  in  solution ;  sulphuric  acid ;  selenium- 
slime  from  the  fore-chamber  of  the  sulphuric-acid  manufactory ;  ntttxast'  ^  »c^  ^ 
sulphate,  produced  in  the  manufacture  of  iron- vitriol,  from  the  refining 
of  sulphuric  acid;  copper-matte,  black  and  refined  copper. 

The  Julius  Hiitte  exhibited  sulphur,  zinc- vitriol,  silver-lead,  litharge, 
bismuth-litharge,  and  auriferous  silver. 

300.  Oker, — The  smelting  processes  at  the  Oker,  Julius,  and  Sophien 
Hiitte  are  based  on  the  pyritous  ores  extracted  from  the  Bammelsberg 
mine.  The  ores  are  divided  into  three  classes.  The  first  are  copper-ores, 
and  are  composed  chiefly  of  iron  pyrites,  intimately  mixed  with  blende, 
copper,  and  arsenical  pyrites.  The  second  are  the  copper-lead  ores,  and 
composed  chiefly  of  iron  and  copper  pyrites,  galena,  and  blende ;  they 
assay  3.5  to  5  per  cent,  lead,  2.8  to  5.5  per  cent,  copper,  and  0.01  to  0.015 
per  cent.  =  2  oz.  18  dwt.  4.8  gr.  silver  and  a  small  amount  of  gold. 
The  third  class,  or  lead-ores,  have  the  general  composition  of  the  copper- 
lead  ores,  but  their  copper  contents  are  much  smaller,  and  they  assay 
from  4  to  10  per  cent,  in  lead. 

301.  All  the  ores  from  the  Eammelsberg  mine  were  formerly  roasted 
in  free  heaps,  but  since  1840  have  been  roasted  in  shaft-furnaces  at  Oker. 
The  sulphuric-acid  fumes  are  utilized  in  the  manufacture  of  sulphuric 
acid.  The  copper  and  the  copper-lead  ores  poorest  in  lead  are  reduced 
at  that  place,  but  the  lead-ores  are  sent,  after  the  first  roasting,  to  the 
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Herzo^ Julias  Hiitte,  and  Frau  Sophien  Hiitto,  aud  the  copper-lead  ores 
not  worked  at  Oker  are  sent  to  the  Frau  Sophien  Hiitte  for  redaction. 
The  rich  copper  and  copper-lead  ores  are  roasted  in  small  shaft-farnaces 
1.99  meters  high,  1.26  meters  wide  at  the  top,  and  0.63  meter  wide  at 
the  bottom.  The  amount  of  sulphur  in  the  ore  is  reduced  in  the  first 
roasting  to  12  per  cent.,  producing  60  per  cent,  sulphuric  acid  of  5<P  B. 
The  capacity  of  the  furnace  is  212  kilograms  ore  in  twenty-four  hoars. 
The  partly  roasted  ore  is  drawn  from  the  furnace  and  the  larger  lamps 
roasted  in  shaft-furnaces  3.77  meters  high,  1.88  meters  wide,  and  3.1^ 
meters  long^  whereby  the  sulphur  is  eliminated  to  within  5  to  4  per 
cent.,  or  a  portion  of  the  copper-lead  ore,  after  having  been  once  roasted, 
is  sent  to  the  Frau  Sophien  Hiitte,  where  it  is  roasted  twice  in  free 
heaps. 

The  poor  copper  and  rich  pyritous  (iron)  ores  are  roasted  in  the  Jci^s- 
brennern^  (pyrites-roasting  furnaces.)  The  bottom  is  formed  by  movable 
rectangular  iron  rods,  by  means  of  which  the  ore  is  discharged  from  the 
furnace.  These  furnaces,  which  were  built  in  1871,  are  2.51  meters  high, 
6.28  meters  long,  and  1.26  meters  wide.  About  800  kilograms  of  the 
poor  copper-ores  are  roasted  in  twenty-four  hours  to  within  5  per  cent, 
of  sulphur,  and  from  1,000  to  1,100  kilograms  of  the  pyritous  ores  are 
roasted  in  the  same  time  to  within  4  to  3  per  cent,  of  sulphur. 

The  lead-ores  and  copper-matte  are  roasted  in  oblong  shaft  famaces 
3.14  meters  high,  3.14  meters  wide,  and  1.57  meters  deep.  About  42 
per  cent,  sulphuric  acid  is  produced  from  the  roasting  of  lead-ores  in 
kilns.  After  the  first  roasting  they  are  sent  to  the  Herzog  Julias  Hiitte 
for  further  roasting  and  reduction. 

A  disadvantage  of  thus  roasting  the  ore  in  shaft-furnaces  is,  that  when 
the  ore  contains  a  large  percentage  of  blende,  a  smaller  amount  of  zinc- 
sulphate  is  formed  than  when  the  roasting  is  conducted  in  heaps ;  and 
consequently  sulphuric  acid^must  be  added  to  the  water  when  the  zinc- 
vitriol  is  lixiviated,  (vide  roasting  at  the  Herzog  Julius  Hutte,)  in  order 
that  more  zinc-sulphate  may  be  formed,  or  the  zinc-salts  not  dissolved 
in  water  will  greatly  disturb  the  smelting  process. 

302.  Copper-smelting, — ^The  roasted  copper-ore  was  formerly  smelted  in 
low-hearth  blast-furnaces  (Krummofen)  with  one  tuyere.  They  were 2.09 
meters  high ;  width  in  front,  0.42  meter;  width  behind,  0.63  meter, and  OM 
meter  deep.  The  charge  was  composed  of  roasted  ore,  calcined  and  raw 
argillaceous  slate,  slag  from  the  matte-smelting,  and  occasionally  small 
quantities  of  slag  from  the  ore-smelting.  The  products  were  Icanigsktipfcrj 
(copper  containing  arsenic  and  antimony,)  with  75  to  90  per  cent,  cop- 
per and  0.2  per  cent. =58  oz.  6  dwt.  silver;  it  was  refined,  granulated, 
and  the  silver  extracted  with  dilute  sulphuric  acid.  Eaw  matte,  with 
50  per  cent,  copper  and  0.05  per  cent. =14  oz.  11  dwt.  14  gr.  silver,  was 
roasted  in  heaps  and  smelted  in  the  ore-smelting  furnaces  with  argil, 
laceous  slate.  The  copper  from  this  operation  was  refined.  The  process 
of  oxidation  being  carried  too  far,  a  small  quantity  of  lead  was  added 
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to  the  copper  and  it  was  again  refined.    The  copper-matte  from  the  same 
smelting  containing  60  per  cent,  copper,  was  roasted  in  heaps  from  five 
to  six  times,  and  then  smelted  without  any  flux.    The  copper  here  pro- 
duced was  refined  with  the  over-refined  copper  from  the  previous  opera- 
tion.   The  presence  of  a  large  amount  of  iron  in  the  ore  caused  a  very 
imperfect  smelting  process,  and  although  numberless  attempts  were 
made,  for  the  purpose  of  removing  the  many  difficulties  attending  the 
reduction  of  the  ores  in  shaft-furnaces,  none  met  with  material  success. 
303.  The  latest  experiments*  mentioned  in  that  direction  were  made 
in  a  shaft-furnace  3.4  meters  high ;  it  had  at  first  four  tuyeres,  but,  as 
these  were  found  to  be  too  many,  this  number  was  reduced  to  two.    An 
acid  flux  of  slag  from  the  ore-smelting  in  the  Bachette  furnace  at  Lau- 
tenthal,  was  substituted  for  the  basic  slag  formerly  used,  but  the  reduc- 
tion of  iron  and  the  formation  of  salamanders  were  increased,  instead  of 
being  diminished,  and  the  furnace  had  to  be  blown  out  after  a  three- 
days'  campaign.    It  was  hereby  observed  that  the  reduction  of  iron 
increased  in  proportion  to  the  width  of  the  smelting-zone.    Other  experi- 
ments in  this  furnace,  with  differently-constituted  charges,  led  to  like 
results.   The  use  of  Mansfeld  copper-slag  from  the  ore-smelting,  as  a  flux 
in  shaft-furnaces  with  one  tuyere,  was  also  unsuccessful.   It  was  expected 
to  extract  the  copper  it  contained,  (0.6  per  cent.,)  but  this  was  not  pos- 
sible, as  a  slag  was  produced  with  a  still  greater  amount  of  copper.    The 
process,  however,  would  have  been  more  advantageous  than  the  one 
then  in  vogue,  had  not  the  large  amount  of  this  slag,  (60  to  70  per  cent.,) 
used  as  a  flux,  caused  a  correspondingly  large  consumption  of  fuel. 

It  was  concluded  in  1870  to  abandon  the  method  of  reducing  the  ores 

in  shaft-furnaces,  and  adopt  the  process,  now  extensively  employed  in 

England,  of  roasting  the  partly-desulphurized  ores  with  salt,  dissolving 

the  copper,  silver,  and  gold,  and  a  subsequent  precipitation  of  the  same. 

304.  The  works  for  this  process  were  accordingly  commenced  in  1871, 

completed  in  1872,  and  the  process  put  in  operation  in  1873.    The  plant 

for  this  process  is  at  present  limited,  but  is  arranged  so  as  to  admit  of 

being  extensively  enlarged.    It  consists  in  a  mill  for  crushing  the  roasted 

ore  from  the  sulphuric-a<5id  manufactory,  a  reverberatory  roasting-fnmace 

with  a  gas-generator  attached,  in  which  the  ore  is  roasted  with  salt,  and 

the  necessary  lixiviating  and  precipitating  tubs  and  boxes* 

Herr  Dlrich,  superintendent  of  the  Oker  smelting-works,  has  proved 
by  a  series  of  experiments  that  ores  with  10  to  12  per  cent,  copper  and 
8.2G  to  0.26  per  cent,  sulphur  are  as  suitable  for  this  process  as  ores 
much  poorer  in  copper.  In  England,  4  per  cent,  is  considered  the  max- 
imum amount  of  copper  for  ores  to  be  treated  by  this  process.  The 
richer  ores  naturally  require  a  longer  roasting  period.  It  was  also 
ftliowu  by  these  experiments  that  15  per  cent  of  salt  was  the  proper 
quantity  for  ores  with  the  above  percentage  of  copper.    The  copper-ores 

•  *  These  experiiuents  are  froni  Dr.  Wedding's  improvements  in  the  goYernment  works 
PreuHsische  Zeiischrift, 

9  M 
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were  first  treated  in  1873  at  Oker  according  to  this  method-  The  period, 
therefore,  in  which  this  process  has  been  in  operation  is  so  short  that  it 
scarcely  is  to  be  considered  as  perfect ;  for  the  daily  experiences  with  a 
process  newly  introduced  continually  show  where  improvements  can  be 
made  and  where  alterations  are  necessary. 
^05.  The  different  manipulations  may  be  classed  as  follows : 

CHLOEINATION  PROCESS. — PRELIMINARY  OPERATIONS. 

1.  Crushing  the  roasted  ore  from  the  sulphuric-acid  manufactory. 

2.  Boasting  the  crushed  ore  in  a  reverberatory  furnace  with  salt;  a 
certain  proportion  between  the  copper  and  sulphur  is  desired.  It  is 
stated  that  for  a  successful  operation  the  sulphur  in  the  ore  must  not  be 
more  than  1.5  as  much  as  the  copper  contents. 

Copper  extraction, — 1.  Lixiviating  the  chloridized  ore  with  water,  then 
with  the  solution  from  the  first  lixiviation  of  a  preceding  charge;  the^ 
two  solutions  contain  the  greater  part  of,  and  the  purest  copper;  also 
about  95  per  cent,  of  the  silver  and  a  corresponding  amount  of  gold. 
The  silver  is  dissolved  by  means  of  the  alkaline  saMs  of  chlorine,  whieii 
always  exist  in  the  mass  in  larger  or  smaller  quantities.  The  residae  is 
finally  treated  with  very  dilute  hydrochloric  acid;  the  copper  extracted 
by  means  of  the  acid  solution  is  impure,  and  is  used  in  the  production  of 
inferior  grades  of  copper. 

Each  dissolving  liquid  seldom  remains  in  contact  with  the  ore  more 
than  one  hour,  care  being  taken  that  it  is  tapped  off  immediately  upon 
its  ceasing  to  dissolve  fresh  quantities  of  copper  salts.  The  decopperized 
residue  is  removed,  and  the  lixiviating-box  prepared  for  a  new  charge. 

Silver  and  copper  precipitation, — 1.  The  solution  containing  95  per 
cent,  of  the  silver  and  gold  is  treated,  according  to  M.  Claudet's  patent, 
with  iodide  of  potassium.  This  is  too  well  known  to  need  a  farther 
description  here. 

2.  The  copper  is  precipitated  by  means  of  iron ;  steam  is  conducted 
into  the  dissolving-liquid,  which  greatly  facilitates  the  precipitation. 

Copper-stnelting.^l.  The  copper  extracted  from  the  water  solntioQ  is 
smelted  with  black  copper,  which  is  refined,  and  produces  copper  of  a 
superior  quality. 

2.  The  copper  from  acid  solution  is  smelted  for  matte ;  this  produces 
copper  of  a  poorer  quality. 

306.  The  manufacture  of  sulphuric  acid  and  copper- vitriol  is  conducted 
here  in  the  same  manner  as  at  Altenau,  but  on  a  much  more  extensive 
scale.  Attempts  were  made  to  roast  the  powdered  ore  ferzJcleinJ  in  a 
Hasenclever  and  Helbig  furnace,  but  the  unsatisfactory  results  nrhich 
were  obtained  are  ascribed  to  the  unfavorable  condition  of  the  ore, 
which,  having  previously  been  exposed  to  a  damp  atmosphere,  had  partly 
nndergone  a  chemical  reaction  in  the  formation  of  copper  and  iron  vitriol. 
This  is,  therefore,  no  criterion  of  the  inadequacy  of  this  furnace,  which 
has  given  very  good  results  at  other  places. 
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307.  Experiments,  made  in  concentratiugsulpliuricacid  with  the  view  of 
economizing  fuelj  have  shown  that  only  where  there  is  a  large  amount 
of  heat  generated,  as  in  the  shaft-fnrnaces,  wherein  the  copper-ores  are 
roasted,  is  it  possible  to  concentrate  the  acid  without  appropriating 
heat,  which  is  necessary  for  a  good  roasting  of  the  ore.  The  attempt  to 
concentrate  the  acid  by  a  battery  of  cylindrical  jars  of  lead  and  porce- 
lain was  also  unsuccessful.  The  latest  trials  were  made  by  conduct- 
ing steam  in  lead  pipes  through  the  acid,  the  results  of  which  the  author 
has  not  been  able  to  obtain. 

308.  The  Oker  smeltingworks  produced  in  1872 :  1,000,000  kilograms 
of  copper- vitriol ;  400  kilograms  of  argentiferous  copper. 

309.  The  Herzog  Julius  Matte. — The  copper-lead  ores  which  have 
undergone  one  roasting  in  shaft-furnaces  at  Oker  are  sent  to  these  works 
for  reduction.  They  are  roasted  twice  in  heaps;  the  first  roasting  is 
conducted  in  the  open  air,  the  second  under  a  roof.  The  heaps  are 
about  2.25  meters  high ;  length  of  sides  at  the  bottom  9.5  meters,  at  the 
top  3  meters.  The  roastingperiod  is  18  to  22  weeks.  The  heap  is  cov- 
ered with  fine  ore,  which  has  been  twice  roasted.  The  sulphur,  owing 
to  an  insufficient  access  of  air,  is  only  partially  oxidized ;  another  portion 
is  sublimed,  and  is  obtained  by  making  deep  round  cavities  in  the  top 
of  the  heap.  The  sulphur,  upon  coming  in  contact  with  the  atmosphere, 
passes  into  a  liquid  state,  is  cooled,  and  precipitated  on  the  sides  of  the 
round  cavities.    It  is  removed  every  morning. 

The  second  roasting  in  heaps  is  conducted  under  a  roof ;  upon  the 
completion  of  the  roasting,  sulphuric  acid  is  thrown  over  the  heap,  and 
the  zinc-sulphate  is  washed  to  the  bottom.  The  fine  ore  from  the  bottom 
is  taken  to  the  lixiviating-boxes. 

310.  Manufacture  of  zinc-vitrioL — The  zinc-sulphate,  which  is  formed 
during  the  first  roasting,  is  partly  washed  to  the  bottom  by  being  exposed 
to  the  weather,  so  that,  when  the  roasting  is  finished  and  the  top  and 
larger  pieces  of  ore  removed,  the  fine  ore  and  that  in  the  bottom  of  the 
heap  contain  considerable  zinc-sulphate ;  this  is  removed  to  large  lixivi- 
ating-boxes, and,  together  with  ore  obtained  from  the  second  roasting  in 
heaps,  is  treated  as  follows :.  The  lixiviating-boxes  are  2.6  meters  long,  1.4 
meters  wide,  1  meter  high.  The  water  enters  through  a  wooden  trough 
over  the  top  of  the  box.  On  one  end  of  the  box  four  spigots  are  placed ; 
the  lower  is  0.2  meter  from  the  bottom,  the  other  three  are  situated,  each , 
0.1  meter  higher  than  the  preceding  spigot.  The  ore  is  lixiviated  with 
water,  to  which  10  per  cent,  of  sulphuric  acid  has  been  added.  The  ore 
and  liquid  are  well  mixed  by  an  energetic  stirring  with  poles.  After  ' 
the  mass  has  settled  over  night,  the  liquid  is  tapped  off  by  means  of  the 
spigots  in  the  end  of  the  box.  The  same  process  is  then  repeated.  The 
residue  is  dried  and  sent  to  the  ore-smelting.  The  liquid  is  first  con- 
ducted into  a  reservoir,  where  the  impurities,  mechanically  held  in 
solution,  are  allowed  to  settle ;  it  is  then  conducted  into  a  large  leaden 
pan  and  heated,  whereby 'iron  sesquioxide  is  precipitated.    Copper  is 
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next  precipitated  by  allowing  the  solution  to  flow  into  boxes,  Iq  vhicb 
strips  of  zinc  are  suspended.  The  solution  is  then  conducted  back  into 
the  lead  evaporating-pan,  and  kept  at  6(P  to  80  or.  until  the  zinc-vitriol 
commences  to  foam,  when  it  is  tapped  into  wooden  tubs,  in  which  bug 
thin  pieces  of  wood  are  suspended.  The  first  portion  of  zinc-vitriol  that 
forms  contains  silver;  the  solution  is  therefore  only  allowed  to  remain 
for  a  certain  time  in  the  first  crystallization-tub  and  is  then  eondacted 
into  a  second,  where  a  complete  crystallization  takes  place.  The  zIdc- 
yitriol  from  the  second  tub  is  dried  in  a  muffle-furnace,  and,  althongh 
containing  a  small  amount  of  impurities,  is  an  article  of  commerce  which 
finds  a  ready  sale.  The  zinc- vitriol  from  the  first  crystallization-tub, 
containing  a  small  amount  of  silver,  is  first  calcined  in  a  muffle-furnace, 
and  then  added  to  the  charge  for  the  ore-smelting  in  small  portions. 
From  17  to  20  per  cent,  of  the  zinc  contained  in  the  ore  is  extracted  by 
this  process.  This  is  not  only  an  economical  method  of  extracting  zinc 
from  poor  pyritous  ores,  but  the  much-desired,  elimination  of  zinc  from 
lead,  copper,  and  silver  ores  is  also  effected.  The  plant  necessary  for 
this  process  is  inexpensive,  everything  being  constructed  of  wood,  ex- 
cept the  leaden  evaporating-pan  and  muffle  drying-furnace ;  the  cost  of 
labor  is  also  very  small.  It  is,  however,  necessary  that  the  roasting  be 
conducted  in  free  heaps,  in  order  that  the  formation  of  zinc-sulphate 
may  be  large :  as  this  compels  capital  to  remain  idle  for  a  long  time,  it 
is  not  often  to  be  recommended. 

311.  The  smelting  of  the  lead-ore  is  conducted  in  hearth  blast-furnaces 
with  one  tuyere.  They  are  4.39  meters  high,  0.549  meter  wide  at  back, 
0.314  meter  wide  in  front,  and  1.2  meters  deep.  The  charge  is  oom- 
poseil  of  100  kilograms  roasted  and  lixiviated  ore,  27.7  kilograms  copper- 
slag  from  Oker,  22.41  kilograms  ore-slag  from  Lautenthal,  2.66  kilograms 
lead-flux,  33  kilograms  coke,  2  kilograms  charcoal.  The  campaign  com- 
mences every  Monday  morning,  and  on  account  of  the  formation  of 
salamanders,  lasts  only  until  the  following  Saturday,  when  the  famaoe 
is  blown  out. 

312.  The  products  are  slag,  silver-lead,  matte,  and  a  small  amoant  of 
lead-speiss.  The  slag  is  broken  with  sledge-hammers,  and  the  pieces 
containing  ore,  or  silver-lead  mechanically  mixed,  are  picked  out  and 
added  to  the  ore-charge,  the  rest  discarded.  The  silver-lead  is  melted 
and  poled  in  a  Pattinson's  kettle,  the  abzng  is  removed,  and  the  lead  is 
cast  into  molds.  The  silver-lead  is  then  cupelled  in  a  Grerman  cnpella- 
tion-hearth.  The  charge  is  10,000  kilograms,  from  which  6  kilograms 
of  flue  silver  are  produced.  The  abstrich  is  reduced,  liquated,  and  anti- 
monial  lead  produced.  The  rich  litharge  is  added  to  the  ore-charge: 
the  poor  litharge  is  either  sold  or  reduced  in  a  low  shaft-furnace. 
The  lead-matte,  containing  2.75  per  cent,  lead  and  3.9  per  cent,  cop- 
per, is  subjected  to  three  roastings  in  free  heaps,  and  is  then  smelted 
with  slag  from  Oker  and  slag  from  the  ore-smelting  at  Lautenthal.  The 
silver-lead  produced  is  treated  in  the  same  manner  as  the  silver-lead 
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from  the  ore-smelting  and  cupelled.  The  copper-matte  is  roasted  three 
times  in  free  heaps,  and  then  smelted  for  black  copper  with  3  per  cent, 
of  slag  from  Oker  and  3  per  cent,  of  calcined  argillaceoas  slate.  The 
black  copper  is  sent  to  Oker. 

313.  There  are  at  present  in  operation  at  the  Herzog  Jalius  Hiitte 
six  smelting-fnrnaces,  two  cupellation-farnaces,  and  a  zinc- vitriol  estab- 
lishment.   It  treated,  in  1870,  5,321,000  kilograms  of  lead-ore. 

314.  Gewerschaftlich  Mansfeldischen  HiJTTEN.— The  Mans- 
feld  Smelting  Company  was  represented  by  products  of  copper-smelting, 
such  as  refined  copper  and  copper  worked  up  into  various  articles  of 
commerce,  silver  extracted  according  to  ZlervogeVs  method,  and  a 
model  of  a  Pilz  furnace  with  six  tuyeres,  newly  erected  at  the  Krughiitte. 

315.  The  round  furnace  {vide  Fig.  I)  has  entirely  superseded  the 
"spectacle^'  furnaces,  (i.  c,  having  two  reception  basins  in  front,)  and' 
has  also  proved  its  immense  superiority  over  the  latter.  The  new  fur- 
nace  at  the  "  Krughiitte  "  was  built  according  to  the  drawing,  (Fig.  I,) 
with  the  exceptions  that  a  Langon's  charglng-hopper  was  substituted 
for  the  Parry's ;  and,  as  the  high  furnace  worked  too  energetically  in 
the  reduction  of  iron,  and  produed  a  matte  rich  in  iron  and  poor  in  cop- 
per, the  newly-erected  furnace  only  measured  7.22  millimeters  from  the 
sole  to  the  top,  1.88  millimeters  in  diameter  at  tuyeres,  and  2.20  milli- 
meters at  the  top.  By  smelting  with  a  small  pressure  of  blast,  an  even 
and  uniform  working  is  effected.  The  matte  and  slag  are  separated 
more  perfectly  in  the  highly-heated  crucible  than  in  hearth-furnaces. 

DMENSrONS  AND  DESCRIPTION  OF  FIG.  L* 

a.  Furnace  shaft. 

h.  Slag- spout. 

c.  Tap-hole  for  matte,  which  runs  through  the  spout  d  into  the  divid- 
ing-trough «,  iHto  the  water-basin  /,  where  it  is  granulated  and  pre- 
pared for  the  following  operation — roasting. 

g.  Blast-pipe. 

h.  Gas-pipe  leading  to  the  canal,  I. 

Jc.  Parry's  hopper,  0.94  millimeter  in  diameter  and  0.78  millimeter 
high.  By  lowering  and  raising  the  iron  cone,  i.  e.,  above  and  below  the 
opening  xo?,  the  charge  is  directed  toward  the  periphery  or  center  of  the 
shaft. 

m.  Lining,  at  the  bottom  0.47  millimeter,  middle  0.31  millimeter,  top 
0.26  millimeter  thick. 

n.  Mantle  at  bottom  1.02  millimeters,  top  0.68  millimeter  thick,  6.43 
millimeters  high,  and  is  supported  by  iron  pillars  o.. 

The  blast-nozzles  and  matte  tap-hole  are  cooled  by  iron  boxes  con- 
taining spiral-shaped  wrought-iron  tubes,  through  which  the  water 
circulates. 


*  The  (limeDsions  and  drawing  are  taken  from  the  '^  Berg-  und  Hiittenmanische  Zei  - 
Ung;'  1874,  p.  115. 
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316.  The  ore  treated  is  principally  a  copper  schist,  occurring  in  beds 
in  Zechstein.  The  beds  have  a  maximum  width  of  03  centimeters,  but 
only  about  5.18  centimeters  of  this  is  sent  to  the  works  for  reduction. 
The  ore  contains  from  1.6  per  cent,  to  4  per  cent.  coi)per ;  the  copper 
carries  0.56  to  0.15  per  cent.  =  43  oz.  13  dwt.  to  163  oz.  15  dwt.  19  gr. 
silver.  The  important  mining  industry  of  Mansfeld  had  its  commence- 
ment toward  the  close  of  the  twelfth  century,  and  since  that  time  the 
mines  have  been  worked  uninterruptedly.  At  first  the  ore  was  smelted 
for  black  copper,  and  the  latter  desilverized  by  liquation,  but  the  dearth 
of  lead-ores  was  the  cause  of  the  adoption  of  the  Augustiu  process  in 

^  b     ISjO.    At  first  this  process  did  not  meet  with  good  success,  but,  later 
on,  gave  better  results. 

317.  The  Augustin  silver  extraction. — It  has  been  long  known  that  chlo- 
ride of  silver  is  soluble  in  a  solution  of  chloride  of  sodium.  It  is  spoken 
of  by  Karsten  in  his^iew  qf  the  process  of  amalgamation,  and  it  \ras. 
also  formerly  made  use  of  in  Freiberg  in  the  chlorination  roasting. 

It  was  Augustin,  however,  who  in  the  year  1843  first  made  use  of  it 
on  a  large  scale  at  the  Gottesbelohnung  Hiltte,  near  Mansfeld.  The  pro- 
cess consists  in  an  oxidizing  roasting,  followed  by  a  chloridizing  roast- 
ing of  the  argentiferous  substance ;  dissolving  of  the  chloride  of  silver 
thereby  formed  in  a  chloride  of  sodium  solution,  and  precipitation  of  the 
silver  with  metallic  copper.  This  method  is  only  capable  of  treating 
such  substances  as  are  free  (or  nearly  so)  from  all  ingredients  that  act 
disadvantageously  to  the  process.  When  such  substances  are  present 
the  reactions  take  place  but  imperfectly,  and  the  process  is  accompa- 
nied with  a  great  loss  of  metal.  This  process  therefore  was  better  suited 
for  argentiferous  metallurgical  products  than  for  silver-ores,  as  the  for- 
mer is  more  apt  to  have  the  required  composition.  Experiments  have 
been  made  at  several  places  with  this  method  and  even  adopted  at 
some  works,  but  with  few  exceptions  it  has  been  replaced  by  others. 

318.  The  Augustin  process  was  superseded  by  the  "  Ziervogal  water 
lixiviation  process"  in  1848.  This  process  is  based  upon  the  conversion 
of  the  sulphide  of  silver  contained  in  an  ore  or  metallurgical  product 
into  a  sulphate,  by  means  of  roasting,  dissolving  the  sulphate  of  silver 
in  hot  acidulated  water,  and  precipitation  of  the  dissolved  silver  with 
metallic  copper.  This  is  one  of  the  most  subtle  processes  known  to  the 
science  of  metallurgj^,  as  regards  the  oxidizing  roasting.  The  oxidation 
of  the  sulphate  of  silver  is  principally  effected  by  the  gaseous  sulphur- 
ous acid,  set  free  in  the  roasting  temperature  from  the  sulphate  salts 
present.  The  salt  most  friendly  disposed  to  assist  this  reaction  is  .sal- 
phate  of  copper,  it  being  disposed  to  part  with  its  sulphuric  acid  during 
the  period  in  which  the  sulphate  of  silver  is  formed.  The  presence  of 
protosulphide  of  iron  is  of  advantage  within  certain  limits,  as  it  is  con- 
verted into  a  basic  salt  of  the  sulphate  of  sesquioxide  of  iron,  and  as  this 
salt  parts  with  its  sulphuric  acid  during  an  early  stage  of  the  roastiujr- 
process,  the  latter  is  decomposed,  and  the  oxygen  converts  the  sulpliii^e 
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of  copper  into  a  sulphate,  whereby  the  formation  of  copper- vitriol  is  for- 
warded and  the  length  of  the  roastiug-period  is  shortened.  The  rich 
copper-matte,  (70  to  72  per  cent.  On,)  poor  in  iron,  (11  per  cent.  Fe,)  of 
Mansfeld,  is  exactly  suited  to  this  method  of  treatment.  Experiments 
were  made  in  Schemnitz  with  argentiferous  raw-matte,  which  was  prin- 
cipally composed  of  protosulphide  of  iron.  Only  73  per  cent,  of  the 
silver  contained  in  the  matte  was  obtained,  and  27  per  cent,  remained 
unextracted  in  the  residue.  If  metallic  copper  is  present  in  the  matte, 
it  acts  disadvantageously  in  the  extraction. 

In  England,  black  copper  is  granulated,  calcined,  crushed,  and  then 
roasted  with  copper  and  iw^Bp  vitriol. 

It  is  necessary  that  the  substances  to  be  treated  by  this  process 
should  be  free  from  the  following  ingredients,  viz :  zinc,  arsenic,  and 
antimony,  for  they  dispose  the  silver  to  volatilization;  the  sulphides  of 
lead  and  antimony  cause  the  roasting-charge  to  agglomerate.  In  a  well- 
conducted  roasting  it  is  principally  oxides  (oxides  of  iron  and  copper) 
and  sulphate  of  silver  that  are  formed ;  some  sulphide  of  copper  is  also 
produced.  If  the  temperature  becomes  too  high,  (much  higher  than 
from  750°  to  770^  C.,)  the  sulphate  of  silver  formed  will  be  decomposed 
and  metallic  silver  formed.  It  is  clear  from  the  above  that  the  process, 
although  the  cheapest  method  of  silver-extraction  froA  copper  ore  or 
products,  is  seldom  capable  of  being  made  use  of,  on  account  of  its  re- 
quiring  very  purs  material,  (so  far  as  regards  the  points  above  men- 
tioned,) as  well  as  expert  and  experienced  workmen. 

319.  Between  1864  and  1866,  the  manufacture  of  sulphuric  acid  and 
the  use  of  Gerstenhofer  furnaces,  for  roasting  the  granulated  and  pow- 
dered copper-matte,  were  introduced;  and  since  1867  the  following 
improvements  have  been  made :  Blast-furnace  with  six  tuyeres  and 

^^,^tehw8t-kilns  for  the  production  of  sulphuric  acid,  and  a  dispensation  of 
J  the  black-copper  process  by  using  rich  desilverization  residue,  (entsil- 
berungsmehle.) 

320.  The  present  reduction  process  is  simple.  It  consists  in  a  roast- 
ing of  the  ore,  followed  by  a  smelting  for  copper-matte;  this  is  roasted 
in  powder  form,  (Gerstenhofer  furnace,)  and  then  is  desilverized  by  the 
Ziervogel  process ;  the  copper  residue  is  then  smelted  and  refined.  The 
production  of  these  works  for  1872  aimounted  to  22,900  kilograms  sil- 
ver,  5,500,000  kilograms  copper,  and  about  4,550,000  kilograms  sul- 
l)huric  acid  of  50^  B.  Six  thousand  men  are  employed  in  the  mines,  and 
1,100  at  the  reduction-works. 

321.  Upper  Silesia. — The  following  articles  were  exhibited  from  the 
Friedrich  Hutte : 

A  twisted  square  rod  of  soft  lead,  and  another  rod  of  soft  lead  which 
had  been  hammered  out  to  12.4  times  its  original  length. 
Several  products  from  the  operations  of  zinc  desilverization  and  smelt- 
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iog  were  exhibited,  giviog  the  visitor  an  ioterestiog  insight  into  tbtir 
operations.    They  were: 

Bich  argentiferous  zinc-dross,  containing  0.4  per  cent,  silver  =  116  oz. 
12  dwt.  per  ton  of  2,000  pounds,  and  dross  from  liquation  canrying  CS 
to  70  per  cent,  lead  and  1.5  to  2.5  per  cent  8ilver=436  oz.  16  dwt  to 
728  oz.  16  dwt.  per  ton  of  2,000  pounds. 

Fumes  from  the  desilverization-works,  containing  47  per  cent  lead 
and  0.018  per  cent  silver=7  oz.,  nearly ;  residue  from  ore-smelting  in 
reverberatory  furnaces,  carrying  38  to  50  per  cent  lead  and  0.01  to  OM 
per  cent  silver  =  2  oz.  18  dwt  4.80  gr.  to  11  oz.  13  dwt  4.80  gr.;  fumes 
from  the  blast-furnaces,  with  70  per  cent  zinc  oxide  and  3  per  cent. 
lead  and  cadmium  oxide ;  other  fumes  from  shaft-furnaces,  with  80  per 
cent  Zn.  O  and  2  per  cent  Pb.  O ;  fumes  from  reverberatory  furnace* 
with  50  per  cent  Pb.  and  0.009  per  cent  Ag.  =  2^  oz. ;  fumes  from  cnpd- 
lation-furnace,  with  62  per  cent  Pb.  and  0.015  per  cent  Ag.  =  5^  oz. ;  im- 
pure slag,  assaying  from  2.5  to  6  per  cent,  lead  and  0.002  to  0.006  per 
cent  silver  =  11  dwt.  15.84  gr.  to  1  oz.  14  dwt.  23.52  gr.;  trift-schlacke. 
(top  slag,)  with  0.25  to  1.0  per  cent  lead. 

322.  Upper  Silesia  has  not  so  great  a  variety  of  mineral  treasures  as 
Lower  Silesia,  but  her  ore-deposits  are  more  extensive — in  fact,  it  is  tbe 
richest  minei'al' district  in  Grermany.  Argentiferous  galena,  forming  a 
continuous  bed,  in  the  ^^  Muschelkalk,"  is  principally  found  on  or  near 
the  bordering  limestone  or  dolomite.  It  also  occurs  in  nodules,  asso- 
ciated with  cerusite,  in  the  calamine  beds.  The  ore  is  almost  free 
frx)m  metallic  impurities.  It  contains  more  or  less  blende,  small  amount 
of  silica,  1  per  cent  alumina,  2.3  per  cent  carbonate  of  protoxide  of 
iron,  and  considerable  quantities  of  sulphate  and  carbonate  of  lead.  It 
contains  from  0.0734  to  0.0764  per  cent  =  22  oz.  silver. 

323.  The  Tamowitz  Lead  and  Silver  Smelting- Works  were  erected  in 
1786.  The  iron-reduction  process  was  first  practiced,  using  iron  tap-cinder 
as  theprecipitation-medium,  as  the  ores  carried  a  large  percentage  of  zinc- 
blende.  This  method  was  succeeded  by  smelting  in  what  were  pro- 
nounced to  be  Flintshire  furnaces.  About  the  year  1864  the  prodnctioo 
of  ore  increased  to  such  an  extent,  that  it  was  found  necessary  to  erect 
larger  furnaces.  These  are  now  the  largest  reverberatory  furnaces  in  the 
world.  They  are  built  with  eight  working-doors,  and  hold  a  charge  of 
3,750  kilograms  of  ore.  The  new  furnaces  are  of  the  following  dimen- 
sions: Length  of  hearth,  5.07  meters;  width,  2.772  meters.  The  fire- 
bridge is  1.883  meters  long  and  0.732  meters  wide.  The  fire-grate  is  2.51 
meters  long  and  0.523  meter  in  width.  The  working-doors  are  0.262  wide 
and  0.209  meter  high.  The  flue  is  divided  into  four  compartments,  and  ii 
1.36  meters  wide  by  0.392  meter  high.  The  hearth  consists  of  a  layer 
of  sand ;  then  a  layer  of  clay  bricks,  0.157  meter  thick ;  then  a  brasqne- 
hearth,  on  the  top  of  which  is  melted  a  layer  of  basic  iron  tap-cinder. 
The  old  furnace  contained  a  charge  of  2,000  kilograms  ore.  The  con- 
sumption of  fuel  in  the  new  furnaces  is  per  100  kilograms  ore  but  little 
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more  thau  half  of  the  consamption  for  a  like  amount  of  ore  in  the 
smaller  farnaces.  As  the  workingmen  are  paid  accordiDg  to  the  amouut 
of  silver-lead  produced,  the  wages  remain  the  same. 

324.  There  are  three  distinct  smelting-operations,  as  the  processes 
are  conducted  at  present.  The  ore  carrying  about  73  per  cent,  of  lead 
is  treated  in  the  large  new  furnaces,  with  what  is  known  as  the  combined 
Carinthian  and  English  processes.  The  time  consumed  in  roasting  is 
three  to  four  hours ;  the  entire  manipulation  lasts  seven  hours.  The 
five  new  furnaces  have  a  capacity  of  8.450.000  kilograms  ore  a  year ; 
this  is  calculating  thirteen  charges  per  furnace  a  week  and  forty  work- 
ing weeks.  The  ore  containing  from  40  to  50  per  cent,  lead,  and  often 
carrying  considerable  zinc,  is  smelted  in  the  old  furnaces,  according  to 
the  iron -reduction  process  in  reverberatory  furnaces.  Iron-sla^  from 
the  puddling-furnace  has  been  found  to  act  much  better  thau  metallic 
iron.  The  oxygen  liberated  when  the  iron  unites  with  the  sulphur  acts 
powerfully  oxydizing.  The  charge  is  composed  of  1,500  kilograms 
galena-slimes,  500  kilograms  cerusite,  and  2,000  kilograms  ore.  From 
this  there  is  produced  from  15  to  24  per  cent,  silver-lead.  This  charge 
is  first  agglomerated,  then  iron-slag  from  the  puddling-furnace  is  added  } 
a  large  amount  of  zinc  is  volatilized  as  zinc  oxides.  It  was  attempted 
to  dissolve  zinc  in  raw  lead-matte  (as  is  successfully  done  in  Freiberg) 
by  an  addition  to  the  charge  of  5  per  cent,  of  the  product ;  this,  how- 
ever, gave  very  poor  results.  The  residue  is  smelted  in  shaft-furnaces, 
with  20  per  cent,  of  iron-slags  from,  the  puddling-furnace,  and  30  per 
cent,  of  poor  slag  from  the  same  operation.  The  third  smelting-process 
is  that  whereby  the  ore  containing  under  40  per  cent,  of  lead  is  (since 
1868)  first  agglomerated  in  a  reverberatory  roasting-furnace,  (Fortshau- 
felnngsofen.)  Water,  carbonic  acid,  and  a  small  amount  of  sulphur  are 
hereby  driven  off,  and  the  ore  is  then  prepared  for  smelting  in  shaft-fur- 
naces, which  follows.  These  were  materially  improved  in  1868  j  they 
were  widened  toward  the  top  and  furnished  with  water-tuyeres.  A  cam- 
paign lasts  about  eight  weeks.  The  ore  and  fuel  are  charged  in  alter- 
nate horizontal  layers.  The  residue  from  smelting  the  rich  ore,  without 
the  addition  of  iron,  or  substance  containing  this  metal,  forms  the 
greater  part  of  the  charge.  The  charge  is  made  in  proportion  to  the 
above  residue.    This  residue  is  composed  of: 

33. 18  per  cent,  lead  oxide. 
13. 27    per  cent,  lead  sulphate 
22.  86    per  cent,  zinc  oxide. 

8. 96    per  cent,  iron  peroxide. 

11. 19  per  cent.  lime. 

3.  56    per  cent,  silicic  acid. 

1. 83    per  cent,  iron  protosulphide. 

4. 83    per  cent,  carbon. 

0.  015  per  cent,  silver. 

1)9. 085 
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Composition  of  charge : 
100  kilograms  residue  from  slime  smelting. 
50  kilograms  agglomerated  slime. 
20  kilograms  rich  litharge. 
10  kilograms  hearth,  from  capellation-furnace. 
3  kilograms  iron. 

55  kilograms  slag  from  piiddling-farDace. 
5  kilograms  limestone. 

40  kilograms  slag  from  ^ame  process,  half  of  which  contains  lead  aoti 
silver. 
In  consequence  of  the  increased  dimensions  of  reverberatorj  for 
naces,  and  the  attending  increased  production  of  residue  as  well  as  siker- 
lead,  it  was  found  necessary  in  1871  to  erect  new  free-standing  and 
round  shaft-furnaces  with  eight  tuyeres  and  the  siphon  top  of  cQ 
Arents. 

The  following  are  the  results  of  the  suielting  operations  in  the  lar^f 
furnaces  in  1863, 1864,  and  1865  :  • 


Year. 


1863. 
1864. 
1865. 


Amount  of  silver  and  lead  in  ore. 


69. 61  per  cent  Pb. 
71.  fll  per  cent  Pb. 
73. 97  per  cent  Pb. 


0. 0764  per  cent  Ag. . 
0. 07341  per  cent  Ag. 
0. 07461  per  cent  Ag. 


Lead  prodaced  firom  the  funjm 


Kilograms. 


Assajiiis- 


2. 549      0. 137  per  cent  nl«r 


3,050 
3,192 


0.116  per  cenuwlwr. 
0. 113  per  cent  mIw 


Five  thousand  kilograms  ore  gave: 


Year. 


1863. 
1864. 
1660. 


Besidne. 


Fames  containing— 


Kilograms. 


1, 587.  5 
1, 032 
796 


Per  cmt 
47.5 
45.3 

36.8 


Per  cent 
0.016 
0.0111 
0.0135 


Kilograms. 


Lead. 


53 

PereenL 

70 
137.5 

50 

SihiT 


,1   I     '■ 
■1.  ."    ' 


The  loss  was : 

Lead  per  cent.  Sil"^ 

1863 3.22  0.0(»H 

1864 2.96  0.m^ 

1865 1.65  O.W^ 

The  production  of  the  different  metals  contained  in  the  charge  was: 

Lead  per  cent.  SilTerperft*ci 

1863 73. 03  91.  V' 

1864 82.43  9C*-^^' 

1865 87.49  OaiH- 

The  balance  remained  in  the  intermediate  products. 

By  the  smelting  of  100  kilograms  ore,  containing  72.97  per  ceut  W 


*  Vide  Percy  Kamiuelsberg,  Metallurgildes  Bkies  1872. 
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and  0.074  silver,  46  kilograms  bitauiinous  coal  was  consumed.  The 
product  was  63.84  per  cent,  silver-lead,  15.92  per  cent,  residue,  contain- 
ing 39  per  cent,  lead,  2.75  per  cent,  fumes  containing  50  per  cent,  lead, 
equal  to  a  production  of  87.49  per  cent,  lead  and  99.9156  per  cent,  silver, 
giving  a  loss  of  1.65  of  lead,  0.00008  per  cent,  silver. 
The  lead  from  the  several  tappings  assayed  as  follows : 

Quantity  in  kilograms.    Per  cont.  silver. 

First  tapping 440  0. 1445 

Second  tapping 368. 5  0. 1210 

Third  tapping 261  0. 1095 

Fourth  tapping , 133  0. 0995 

Fifthtapping 106.5  0.1035 

Total,  (medium) 1, 309  0. 5780 

325.  M.  Gruner  made  a  calculation  of  the  capacity  of  the  x)rincipal 
furnaces  using  the  English  or  Carinthian  methods,  or  modification  of 
both.    In  his  estimation  he  takes  three  hundred  working-days  in  the 
year,  and  ore  containing  70  to  80  per  cent.  lead. 

Carinthian  furnace,  150  tons ;  1  ton  =  1,000  kilograms. 

The  furnace  at  Engis,  350  to  400  tons. 

Bleyberg  furnace  with  two  fire-places,  1,200  tons. 

English  furnace  at  Snailbeach,  1,000  tons. 

English  furnace  in  Flintshire,  1,200  to  1,400  tons. 

English  furnace  at  Tarnowitz,  1,200  to  1,400  tons. 

From  a  comparison  made  by  Percy  of  the  capacity  of  the  same  furnaces 
I  take  the  following  figures ;  the  capacity  of  the  Carinthian  furnace  is 
taken  at  the  unit : 


"5 

• 

1^ 

Furnace. 

assay 
he  ore. 

o 

^ 

"§ 

•s 

unt  of  lei 
Uiced  in  t 

.a 

Mi 

Perrml 

Carinthian  furnace 

67.4 
77.7 

1 

4 

1 

Spanish ...». 

6 

Alport 

5 

7.5. 

Flintshire 

75.80 
73 

6 
6.10 

113.6 

Tarnowitz 

IG 

The  large  production  in  the  Flintshire  furnace  is  owing  to  the  principle 
there  employed,  viz,  of  shortening  both  the  roasting  and  reaction 
periods.  This  is  necessary  in  order  to  treat  the  immense  amount  of  ore. 
The  disadvantage  accompanying  such  a  process  is  the  high  temperature 
employed,  causing  volatilization  of  lead  and  silver,  to  condense  which 
extensive  chambers  are  employed.  This  is  considered  of  less  importance 
than  the  increased  production,  the  saving  of  fuel,  and  general  expenses. 

326.  The zincdeailverization  process. — Pattiuson's  crystallization  pro- 
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cess  was  experimeDted  on  at  these  works  in  1837,  but  was  first  iotro- 
duced  on  a  large  scale  in  1861.  This  gave  way  in  1869  to  the  zinc- 
desilverization  process.  Already,  in  1842,  Karsteu*  pablished  thai  he 
had  discovered  that  lead  gives  up  its  contents  of  silver  to  zinc  in 
proportion  as  a  melted  mixture  of  lead  and  zinc  is  exposed  to  the  coa- 
ditions  most  favorable  to  a  complete  separation,  which  is  slow  oooliDg. 
He  did  not  suggest,  however,  that  this  be  applied  to  practical  metal- 
lurgy 'y  but  one  year  after  Mr.  Parkes  had  taken  out  his  patent  (1850' 
for  the  desilverization  of  lead  by  means  of  zinc,  Karsten  made  a 
number  of  experiments  on  a  large  scale,  which  did  not  lead  to  sac- 
cessful  results.  Karsten  attributed  the  failure  to  the  formatiou  oi 
dross  and  oxides  attending  the  mixing  ctf  the  zinc  and  silver-lead, 
which  withdrew  much  metallic  zinc.  Percy  more  correctly  ascribed  it 
to  the  imperfect  separation  of  zinc  from  lead. 

327.  The  zinc-desilverization  process  was  practically  introduced  here 
in  1869,  and  Pattinson's  process  discarded.  The  difficulties  which  were 
attendant  npon  the  separation  of  the  rich  zinc-dross,  {zinksiaub^)  aod 
which  caused  several  small  private  works  to  re  adopt  Pattinson's  process, 
have  been,  at  the  Friedrichshiitte,  successfully  surmounted.  Steam 
(Corduri6'«  method)  was  employed  to  oxidize  zinc,  &c.,  and  the  method 
was  similar  also  in  other  respects  to  the  one  employed  at  Lautenthal. 
Although  the  imbibition  of  rich  oxides  by  the  cupellation  of  the  silver- 
lead  is,  in  Lautenthal,  preferable  to  Flach's  method,  it  is,  on  account  of 
the  large  quantity  of  abstricjt produced,  containing  much  silver  and 
zinc,  and  the  high  temperature  employed,  &c.,  an  extremely  undesirable 
process.  In  addition  to  this,  the  absence  of  copper  and  antimony  from 
the  lead  caused  such  a  large  amount  of  lead  to  be  oxidized  by  the  sepa- 
ration of  the  zinc-silver  alloy  from  the  lead-silver  alloy,  {i.  e.,  rich  oxiJes 
from  zinc-dust,)  by  means  of  steam,  that  it  was  found  to  be  necessary 
to  abandon  this  part  of  the  process,  and  experiments,  therefore,  were 
made  in  order  to  determine  in  what  manner  the  silver-zinc  dross  coold 
most  economically  and  advantageously  be  treated.t  With  this  object 
in  view,  experiments  were  made  on  a  small  scale.  First,  the  zinkstauh 
or  silver  zinc  alloy,  was  melted,  with  an  addition  of  salt  and  charcoal, 
in  cast-iron  crucibles,  but  it  was  soon  found  that  this  method  was  im 
practicable.  The  cast-iron  crucibles  would  melt  upon  the  approach  of 
the  high  temperature  necessary  for  the  reaction.  This  is  caused  by  an 
insufficient  supply  of  liquid  lead,  which  would  prevent  the  kettle- 
bottom  from  softening.  Another  obstacle  to  this  method  was  that  tbe 
amount  of  rich  lead  produced  averaged  only  63.25  per  cent.,  with  about 
three-fourths  of  the  silver  contained  in  the  zinc-dust.  By  Flach's  proc- 
ess 85.38  per  cent  rich  lead  is  produced,  with  an  important  amount  of 
silver  in  the  slag. 


•Karsten  Archives,  1853,  25,  p.  196. 

+  The  data  of  these  experiments  are  from  Dr.  Wedding's  yearly  report  to  the  iVf* 
^ische  Zeii9ckr{ft. 
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A  second  series  of  experiments  were  then  made  in  graphite  orucibles. 
It  was  desired,  in  a  continual  operation,  to  combine^eparation  of  the 
silver-lead  alloy  from  the  silver-zinc  alloy,  and  at  the  same  time  accom- 
plish a  reduction  of  zinc.  To  effect  this,  the  zinc-dust  was  mixed  with  5 
per  cent,  dust-coal  and  subjected  to  a  high  heat.  In  the  lid  of  the  cru- 
cible there  was  a  pipe  to  conduct  off  the  reduced  zinc.  The  results 
were  so  unfavorable  that  this  idea  was  abandoned,  and  experiments 
made  to  separate  the  silver-lead  alloy  from  the  silver-zinc  alloy  in 
wrought-iron  crucibles. 

328.  The  results  hereby  obtained  were  so  good,  that  it  has  been  in- 
troduced and  practiced  for  the  last  three  years  with  great  success.  It 
is  to  be  regretted  that  authentic  statements  of  expenses  of  this  method 
were  not  to  be  obtained.  But  the  fact  that  it  is  used  to  desilverize  so 
large  a  quantity  of  silver-lead  as  is  there  produced,  where  economy  is 
so  closely  pursued  and  a  royalty  is  not  taken  into  consideration,  is  a 
strong  proof  that  it  has  material  advantages  over  other  known  methods* 
Additional  buildings  were  erected  in  1872,  in  which  the  following  proc- 
ess is  conducted:  The  distillation -furnace  is  an  ordinary  zinc-furnace ;  . 
it  contains  24  muffles.  Heat  fs  produced  by  a  gas-generator.  The  oaat-  <^-^^^^^  "^ 
iron  crucibles  are  cylindric,  2.6  centimeters  in  diameter,  52  centimeters 

deep,  and  2.6  centimeters  thick.  The  zinc-dust  {zinkstatib)  is  mixed  with 
coal  about  the  size  of  pease  and  5  per  cent  salt ;  the  latter  is  decrepi- 
tated with  5  per  cent  kieserite,  (Mg  O,  S  O  3-{-H  02.)  This  mass  is 
placed  in  the  already  heated  crucible,  in  the  bottom  of  which  crushed 
coke  is  spread  13  millimeters  thick  ;  a  layer  of  the  same  thickness  is 
spread  on  the  top  of  the  mass.  The  lid  is  then  put  on,  and  the  charge 
is  exposed  to  a  low  temperature  for  about  two  hours  and  a  half;  at  the 
end  of  this  time  the  rich  lead  will  have  collected  in  the  bottom  of  the 
crucible.  Eight  crucibles  have  the^  capacity  of  a  low-shaft  furnace. 
The  products  are  rich  lead,  75  per  cent,  of  the  lead  contained  in  the 
zioc-dust  carrying  2.063  per  cent  silver,  and  a  residue  with  25  per  cent, 
of  the  lead  contained  in  the  zinc-dust 

329.  The  rich  lead  is  cupelled.  The  zinc  in  the  residue  is  distilled  off 
in  common  clay  zinc-muffles.  Lead  attacks  clay,  and,  in  the  high  tem- 
perature necessary  to  distill  zinc,  quickly  destroys  the  muffle.  To  make, 
therefore,  the  clay-muffle  practicable,  a  great  number  of  experiments 
were  made  to  find  a  suitable  mateiial  to  serve  as  a  lining,  which  would 
neither  be  attacked  by  the  lead,  burned  by  the  high  heat,  nor  easily 
cracked.  A  lining  possessing  these  characteristics  was  made  by  Herr 
Gerhard.  He  treats  coke-cinder  with  a  weak  acid,  heats  it,  and  after 
this  is  made  adhesible  to  the  clay  by  means  of  a  small  addition  of  an 
alkali-salt,  it  is  burned  on  the  inside  of  the  muffle.  This  is  now  glazed 
by  u  mixture  of  clay  and  condensed  lead^fumes,  when  it  is  ready  for 
use.  These  muffles  have  by  trial-distillations  proved  to  be  good  and 
sound  after  having  been  ten  days  in  operation.  Each  muffle  contains 
a  charge  of  25  kilograms  residue,  to  which  30  per  cent,  of  crushed  coke 
has  been  previously  added  ^nd  thoroughly  mixed. 
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330.  The  distillation  lasts  twenty-four  hours.  The  products  from  \ 
muffles  are  20.2  to  36.2  kilograms  rich  lead,  containing  3.52  to  4.01  per 
cent,  silver.  This  quantity  of  rich  lead  is  further  increased  from  8.7  to 
16.2  kilograms  lead,  with  2.50  to  3.47  per  cent,  silver,  by  leaving  the 
residue  in  the  muffle  and  collecting  the  small  globules  of  lead  therein 
contained.  The  amount  of  raw  zinc  produced  varies  between  18.8  and 
22  kilograms.    This  zinc  contains — 

1.25        per  cent.  lead. 

0.03        per  cent,  cadmium. 

0.19        per  cent,  coal  and  impurities. 

0.00012  per  cent,  silver. 


1.47012 


Upon  cleaning  out  the  muffle,  the  residue  is  found  to  have  assumed 
an  almost  black  color,  which  indicates  that  the  reduction  was  ahont 
complete.  The  mass  is,  in  distillation,  reduced  to  three-fourths  of  it> 
original  size.  Only  a  small  amount  of  lead-fiimes  are  produced  in  tbe 
course  of  distillation,  but  they  issue  forth  in-  larger  quantities  when  the 
residue  is  removed  from  the  muffle  as  the  latter  is  still  heated.    . 

331.  This  method  is,  for  grades  of  lead  which  are  comparatively  free 
from  antimony  and  copper,  probably  the  most  desirable  ia  practice. 
Experiments  are  to  be  made  at  Lantenthal  in  order  to  ascertain  if  lead 
containing  copper  and  antimony  can  also  be  worked  with  this  modifica- 
tion to  advantage.  There  is  apparently  no  reason  that  it  should  not 
likewise  prove  a  success  with  their  silver-lead,  as  there  tbe  copper  i> 

tUni<)^^r^^  esiwMi^Mhby  the  first  of  the  three  additions  of  zinc,  and  the  antimonj 
remains  mostly  with  the  poor  lead.  It  dispenses  with  several  by-prod- 
ucts which  cause  objectionable  processes  to  utilize  them,  and  allow> 
an  extraction  of  metallic  zinc.  It  is  also  preferable  to  the  modificatiou 
known  as  the  "Balbach  system.''  The  repeated  refining  and  liquation 
in  furnaces  and  hearths  is  not  so  desirable  as  the  use  of  kettles  ami 
steam  for  eliminating  a  small  quantity  of  antimony  and  copper  and  the 
larger  amount  of  zinc  remaining  in  the  desilverized  lead.  I  mean  that 
the  latter  process  is  more  economical  in  regard  to  fuel,  labor,  cost  of 
construction,  and  the  loss  of  lead ;  as  in  the  low  temperature  by  which 
the  process  is  conducted  in  kettles  the  loss  of  lead  is  exceedingly  small. 

332.  The  Walter  Gronech  Hiitte,  near  Eoddzin,  was  represented  br 
samples  of  ore,  silver-lead,  commercial  soft  lead,  silver,  and  litharge. 
These  works  were  founded  in  1864,  and  treat  all  the  lead-ores  that  are 
extracted  outside  of  the  district  in  which  the  Friedrich  mine  is  located: 
the  latter  district  is  reserved  by  the  government.  The  smelting  proce^ 
is  similar  to  that  of  Friedrichs  Hiitte.  The  total  amount  of  lead  pn^ 
duced  by  these  two  works  is  greater  than  the  production  at  the  Frei 
berg  works,  and  second  only,  in  Germany,  to  the  works  at  Stolber|r< 
near  Aix  la  Chapelle.  There  were  about  690  laborers  employed  in  the 
Friedrich  mine  in  1872,  who  extracted  10,850,000  kilograms  lead-ore. 
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This  was  reduced  at  the  Friedricli  works  in  seven  reverberatory'smelt- 
ing-furnaces,  five  shaft-furnaces,  and  two  cupellation-furnaces.  There 
are  also  zinc-desilverization  works,  and  the  necessary  auxiliary  appara- 
tuses.   The  production  in  1869  was : 

Friedrichs  HUtte.     Walter  Cronech  Hiitte. 
Kilograms.  Kilograms. 

Lead 4,385,750  1,466,400. 

Litharge 865,600  579,400 

Silver 5, 140. 5  1,938 

The  product  for  1873  was,  in  both  works : 

Kilograms. 

Lead 7, 629, 150 

Litharge 1,751,600 

Silver 8, 336. 5 

333.  The  Khine  Provinces. — ^Although  lead  mining  and  smelting  in 
the  Aix  la  Ghapelle-Eifel  district  dates  from  the  commencement  of  the 
seventeenth  century,  the  mines  and  reducing- works  have  been  m  the 
handsof  so  many  dififerent  persons  and  corporations  that  their  operations 
were  necessarily  very  limited.  It  was  in  the  middle  of  the  present  cen- 
tury, when  large  companies  were  formed  and  the  many  small  works  were 
consolidated,  that  the  production  of  this  district  grew  to  immense  pro- 
portions, and  is  now  only  second  to  a  few  English  lead-smelting  localities. 
The  spirit  shown  there  now  is  extremely  progressive,  and  several  impor- 
tant improvements  inlfipming  and  smelting  have  originated  there. 

334.  Galena,  cerusite,  blende,  and  calamine  occur  in  veins  and  irreg- 
ular deposits  in  the  neighborhood  of  Stolberg,  on  the  border  of  the  lime- 
stone and  schiefer  formations.  Kear  Commern,  galena  occurs  in  bunt- 
sandstein  as  nodules. 

335.  The  smelting-w^rks  of  the  Ehine  provinces  were  all  represented 
by  small  and  incomplete  collections  of  their  intermediate  and  final  pro- 
ducts. Herbst  &  Company,  from  Coll  in  the  Eifel,  exhibited  several 
specimens  of  ore,  silver-lead,  silver,  and  commercial  lead.  These  works 
treat  the  lead-ores  £rom  the  lead  and  zinc  mines  of  Miinsterfeld,  near 
Stolberg,  and  Gertrudensegen,  near  Much.  The  grants  for  these  mines 
were  issued  in  1839  and  1847,  but  they  are  not  yet  fully  developed. 
The  lead-ores  are  treated,  together  with  Spanish  ores,  at  the  Schliessen- 
maar  Hiitte,  which  was  founded  in  1835.  The  ores  average  over  52  per 
cent,  lead,  and  carry  copper,  antimony,  and  zinc.  The  combined  roast- 
ing and  reductioi>  i)rocess  is  here  practiced.  The  ores  are  roasted  in 
such  a  high  temperature  that  they  are  partly  agglomerated.  This  is 
desired,  and  often  to  produce  this  result  a  small  addition  of  siliceous  ore 
is  made.  The  furnace  used  has  a  double  hearth,  (Fortschanfelungsofen ) 
with  working-doors  on  one  side  only.    The  furnace  is  13.5  meters  long 
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and  3.0  meters  wide.  The  charge  is  drawn  every  six  hoars.  Its  capac- 
ity is  5,000  kilograms  in  twenty-foar  hours,  accompanied  with  a  con- 
sumption of  12  to  13  per  cent,  bituminous  coal.  The  blast- furnaces 
employed  are,  with  one  exception,  6.28  meters  high  and  have  one  tuyere. 
This  is  a  Stolberg  crucible  furnace ;  it  is  6.28  meters  high,  0.785  meter 
wide,  and  1.098  meters  deep.  It  has  five  tuyeres,  one  in  each  side,  one 
in  the  back  wall,  and  one  in  each  back  corner,  which  are  all  directed 
toward  the  slagspont.  The  capacity  of  the  furnace  with  one  tuyere  is 
5,000  to  5,500  kilograms  ore.  The  charge  consists  in  100  kilograms  ore, 
28.7  kilograms  iron  tap-cinder,  14.3  kilograms  limestone,  and  a  small 
amount  of  old  lead-slag.    The  slag  produced  is  a  t>inQiM silicate. 

336.  Zinc-desilverization. — The  silver-lead  is  desilverized  by  the  zinc 
method,  with  the  use  of  chemical  agents  to  dezinckify  the  poor 
lead  and  to  separate  the  zinc-silver  alloy  from  the  enriched  silver- 
lead.  The  manipulations  are  as  follows:  15,000  kilograms  of  the 
silver-lead — containing  0.05  per  cent.  Ag=14.5  oz.,  0.5  per  cent, 
antimony,  0.01  per  cent,  copper — are  melted  in  a  kettle  2.52  meters 
in  diameter  and  0.60  meter  deep ;  at  the  end  of  ten  hours  the  lead  is 
in  a  molten  condition  and  the  abzug  is  drawn  off.  The  zinc  is  added 
in  three  portions.  After  the  temperature  has  been  sufficiently  raised, 
the  first  portion  of  90  kilograms  block-zinc  is  thrown  in  the  liqoid 
lead.  After  this  has  melted  it  is  well  stirred  for  twenty  minutes; 
the  mass  is  then  allowed  to  cool  slowly  for  twenty  minutes,  when 
the  copper-scum  (kupferschaum)  will  have  formed.  The  copper  and 
gold  contained  in  the  lead  is  herein  concentrated.  The  copper-scum  is 
drawn  off;  but,  as  the  first  quantity  (90  kilograms)  of  zinc  formed  an 
alloy  with  the  lead,  &c.,  necessary  for  a  separation  of  copper,  gold,  and 
zinc,  and  a  great  part  of  the  zinc  is  still  in  the  lead,  the  second  addition 
is  only  (50  kilograms)  zinc ;  this  is  added  after  the  temperature  of  the 
metal  bath  has  first  been  raised.  Twenty  minutes  are  consumed  in  stir- 
ring. The  alloys  are  cooled  for  two  hours,  and  the  zinc-silver  alloy 
(zinkschaum)  is  then  taken  off.  The  kettle  is  now  refilled  with  silver- 
lead  from  a  previous  operation,  assaying  0.0025  percent.,  or  3  oz.  siker. 
The  third  addition  of  zinc  is  6.7  kilograms,  by  which  the  same  opera- 
tions are  performed  as  by  No.  2. 

337.  The  products  are  copper-scum,  in  which  the  gold  is  concentrated, 
500  kilograms ;  zinc-scum,  containing  the  silver,  3,000  kilograms ;  poor 
lead  =  zinc-lead  alloy,  containing  0.00062  per  cent.  =  3  dwt.  13.99  gr. 
Ag,  and  0.77  per  cent,  zinc,  12,50iD  to  13,000  kilograms.  The  time  con- 
sumed in  treating  15,000  kilograms  silver-lead  is  twenty-four  hours. 

338.  The  poor  lead  remaining  in  the  kettle  contains  0.5  to  0.7  per 
cent,  zinc  and  a  small  amount  of  antimony;  the  former  is  eliminated 
by  means  of  a  mixture  of  150  kilograms  lead-stilphate  (from  the  sal- 
phuric-acid  manufactories  near  Stolberg)  and  50  kilograms  of  salt.  It 
is  added  in  small  quantities,  the  mass  being  continually  stirred  until  a 
test  taken  out  in  an  iron  spoon  does  not  show  the  silky  appearance  pet^n- 


RHENISH    LEAD -SMELTING.  145 

liar  to  lead  containiug  zinc.  This  operation  lasts  aboat  twenty-four 
hours.  The  lead-sulphate  and  soda-chloride  react  upon  one  another, 
producing  soda-sulphate  and  lead-chloride.  The  latter  is  decomposed 
by  zinC|forming  lead  and  zinc-chloride.  The  result  is  about  175  kilo- 
grams of  scum,  which  contains  25  per  cent,  of  metallic  lead.  After 
this  scum  has  been  removed  the  antimony,  which  has  not  been  materi- 
ally affected  by  the  chlorine  salts,  is  eliminated  by  stirring  40  kilograms 
of  unslaked  lime  with  the  remaining  lead.  The  lime  absorbs  the  anti- 
mony, and  in  about  thirteen  hours  the  operation  is  complete.  The  lead 
is  used  in  the  manufacturing  of  white  lead. 

339.  Dezinckifybig  the  zinc  scum, — ^A  charge  of  1,500  kilograms  zinc-      \^^ 
scum  is  melted  in  an  iron  kettle,  similar  to  the  kettle  in  which  the  cop-     "^ 
per-scum  was  liquated.    It  is  then  treated  with  450  kilograms  carnallit      ^ 
(2  Mg  Cl+K  Cl+12  H2O)  from  "  Stassfurt,''  and  150  kilograms  sal-    ^ 
miac.    The  temperature  is  kept  for  three  days  at  about  400°  C,  and 

the  result  of  the  reaction,  which  occurs  in  consequence  of  a  vigorous 
stirring,  are  chloride  of  zinc,  'ammonia,  and  1,300  kilograms  enriched  ^ 
silver-lead.  The  latter  is  tapped  off  by  means  of  an  iron  pipe  from  the 
kettle- bottom.  The  residue  contains  a  considerable  amount  of  silver- 
lead,  and  to  extract  this  300  kilograms  of  zinc-scum  are  added  to  and 
melted  with  the  residue.  This,  after  having  been  well  stirred,  is  tapped 
off.  The  products  are  about  1,500  kilograms  enriched  silver-lead, 
assaying  2.7  per  cent.  s=  787  oz.  2  dwt.  silver,  which  is  cupelled,  and  a 
residue  containing  8.10  per  cent,  lead  with  2.7  per  cent  silver,  which 
is  smelted  with  the  liquated  copper-scum  in  a  shaft-furnace. 

340.  Liquation  of  copper-scum, — l?he  copper-gold  scum  (kupferschaum) 
is  liquated  in  oblong  kettles.  These  are  2.5  meters  long,  1.6  meters 
wide,  and  0.87  meter  deep.  The  lead  herefrom  is  added  to  the  desil- 
verization-kettle  after  the  second  zinc-charge.  The  coppergold-zinc 
residue  is  then  smelted  in  a  shaft  furnace  with  25  per  cent,  iron  tap- 
cinder  and  50  per  cent,  lead-matte. 

341.  The  products  herefrom  are  silver-lead  containing  0.7  to  0.8  per 
cent.  :=  2.33  oz.  6  dwt.  Ag,  and  a  small  amount  of  gold  and  matte,  with 
0.8  to  10  per  cent,  copper. 

342.  The  lead  is  treated  with  zinc,  &c.,  as  above  described,  (with  the 
exception  that  the  first  scum  is  not  treated  separately  from  the  follow- 
ing two;)  the  silver  produced  contains  0.001  per  cent.  gold.  The  matte 
is  smelted  in  a  shaft-furnace  with  non-argentiferous  lead-ores  and  pro^ 
ducts.  The  lead  from  this  smelting  is  refined  and  is  then  commercial 
lead.  The  matte  contains  20  per  cent,  copper  and  is  roasted  with  salt, 
&c.,  preparatory  to  a  humid  process.  The  dross  produced  in  dezinckify- 
ing  the  poor  lead  is  smelted  in  a  shaft-furnace  with  the  antimonial  dross 
and  iron  tap-cinder,  whereby  the  zinc  is  partly  volatilized  and  partly 
slagged.  The  resulting  lead,  containing  1  to  3  per  cent,  antimony,  is 
melted  in  an  iron  kettle,  and  the  greater  portion  of  the  antimony  is 
eliminated  with  unslaked  lime.    The  lead  obtained,  although  of  an  infe- 
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rior  quality,  is  sufficiently  soft  to  be  rolled  into  sheet-lead.  The  dross 
is  smelted  in  a  shaft-furnace  with  iron  tap-cinder.  This  lead  contains 
10  to  14  per  cent,  antimony,  and,  in  order  to  oxidize  the  impurities,  it  is 
melted  in  an  iron  kettle  and  treated  with  0.5  per  cent,  soda  saltpeter. 
This  produces  lead  with  10  to  12  per  cent,  antimony,  which  is  used  for 
making  type.  The  dross  from  this  manipulation  is  set  aside  until  a 
large  quantity  has  accumulated,  when  it  undergoes  the  same  operation. 
This  method  is,  on  account  of  the  time  consumed,  only  suitably  for  small 
works.  It  has,  however,  the  advantage  of  not  requiring  a  large  outlay, 
is  simple  in  its  manipulation,  and,  on  account  of  the  very  low  tempera- 
ture, 400^  C,  the  loss  of  lead  and  silver  is  insignificant 


Antimony «. 

Copper 

Iron 

Zinc 

BiHranth 

TbaUiuin 

Silver 


0.046 
0.008 
0.004 
0.777 


0. 00062 


B. 


Per  cent. 
0.003 
0.007 
0.005 
0.003 


Per  cent. 
0. 0016—0.  00008 
0.  0004—0. 0005 
0. 0019—0.  0(tt3 


0.00063 


0. 0033-0. 0084 
0.0003 
0.0005 


D. 


Perctnt. 

P.OO-J' 


The  above  analysis  will  present  an  insight  into  the  desilverization 
process  practiced  at  Gall,  a  is  desilverized  lead,  before  the  elimination 
of  zinc;  h  is  lead  refined  by  means  of  lead-chloride  and  lime;  o  is  leii^l 
refined  with  lead-sulphate  and  salt ;  e2  is  a  late  analysis  of  the  refineil 
lead.  These  works  employed  in  1872,  62  workmen;  they  produced 
550,000  kilograms  lead. 

344.  Die  Stolberger  ActienQesellschaft  fiir  Bergbau,  Blei-and 
Zinkfabrication. — "The  Stolberg  Stock  Company  for  Mining  and  the 
Production  of  Lead  and  Zinc,"  exhibited  specimens  of  ores  and  com- 
mercial soft  lead.*  This  company  has  its  headquarters  in  Aix-la-Chap* 
elle,  owns  bituminous-coal  mines  near  Stolberg  and  Dortmund,  and  also 
lead,  zinc,  and  iron-pyrites  mines  near  Stolberg,  EhrenbreitensteiD, 
Barmen,  Bamsbeck,  Brilon  in  the  Harz,  and  in  Spain.  It  also  smelts 
ores  from  Sardinia. 

*  The  analysis  aocompauying  the  latter  showed  the  following  percentage  of  foreign 
substances  in  1,000,000  kilograms : 


No.  1. 

No.  2. 

No. 

3. 

Sb  .... 

Cu.... 
Zn  .. .. 

Kilograms, 

39.1 

8.4 

7.8 

6.8 

Sb  ... 
Cu... 
Zn  .... 
Fe  ... 

Kilograms. 

...., 40.1 

20.6 

22.1 

14.1 

Sb  ...... 

Cu 

Zn 



•     •  4 

Kilogram, 

31.T 

tnee. 

2.i 

Fe  .... 

Fe 

•   • 

4.5 

62.1 

96.9 

38.4 
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The  ores  treated  are  of  a  varied  composition ;  a  large  proportion, 
however,  carry  a  considerable  amount  of  copper,  antimony,  and  zinc. 
Eour  calcining-furnaces  are  used  for  calamine. 

345.  Twenty  furnaces  are  employed  to  roast  lead-ores  and  blende. 
The  first  are  treated  in  double-liearthed  reverberatory,  and  the  latter  in 
furnaces  according  to  Hasenclever  and  Helbig's  system;  models  of  the 
latter  were  exhibited.    The  construction  of  these  furnaces  is  illustrated 
in  Figures  III  and  IV.  It  is  asserted  that  it  is  easily  manipulated,  and  that 
it  roasts  well — i.  e.,  blendic  ores  with  33  per  cent,  of  sulphur  are  roasted, 
so  that,  after  the  operation,  they  contain  only  1.2  per  cent.  (?)  sulphur, 
and  permits  the  use  of  the  sulphurous-acid  fumes  for  the  manufacture 
of  sulphuric  acid.    The  disadvantages  compared  to  the  Gerstenhofer 
furnace  are,  the  large  cost  of  construction,  consumption  of  fuel,  its 
small  capacity,  and,  as  the  ore  is  liable  to  adhere  to  the  slidingsurface 
and  partitions,  a  moderate  amount  of  lead  in  a  substance  would  dis- 
qualify it  for  treatment  in  this  furnace.    The  last  objection  applies  also 
to  a  chloridizing  roasting.    The  muffle  roasting-furnace,  standing  in 
connection  with  a  tower,  as  formerly  constructed  by  Hasenclever  and 
Helbig,*  did  not  allow  of  the  good  roasting  of  blende  in  the  tower,  the 
temperature  in  the  same  not  being  sufficient  for  this  purpose ;  zinc  only 
melting  on  the  lower  plate  and  lead  scarcely  on  the  upper.    After  the 
hot  gases  from  the  muffle  were  employed  for  heating  the  tower,  and  iron 
plates  used  instead  of  fire-clay,  the  roasting  was  better,  and  blende, 
containing  30  per  cent,  sulphur,  only  contained  19  per  cent,  sulphur  on 
arriving  at  the  foot  of  the  tower,  at  the  end  of  the  muffle  8.75  per  cent.,, 
and  when  taken  from  the  furnace  only  1.04  per  cent.  (?)    The  roasting 
gases  containing  6  per  cent,  sulphurous  acid,  could  also  be  used  to  advan- 
tage for  the  manufacture  of  sulphuric  acid.  The  canals,  however,  proved 
to  be  inadequate  for  the  gases  of  combustion ;  the  cinders  and  dust 
coming  from  the  fire-place  could  not  be  removed  during  the  operation 
of  roasting,  and  they  easily  obstructed  the  passage  between  the  iron 
and  fire-clay  slabs.  This  caused  cracks^  and  sulphurous  acid  escaped  with 
the  gases  from  the  fire-place.    This  disadvantage  has  been  avoided  by 
the  newest  method  of  construction,  (FigiIII:)E,  charging- funnel  for  hold- 
ing the  ore,  from  which  it  glides  through  an  inclined  canal,  which  is  1.8 
meters  wide,  0.5  meter  high,  and  9  meters  long.    The  incline  of  the 
canal  is  43^.    The  ore  is  heated  from  below  by  the  gases  from  the  fire- 
place passing  through  the  canal.    The  gases  produce  a  temperature  in 
the  orecanal  sufficiently  high  to  melt  antimony  in  the  upper  part  of 
same.    H,  50  partition-walls  which  reach  to  within  a  few  centimeters  of 
the  bottom  wall  of  the  canal.    They  cause  the  ore  to  pass  through  the 
caual  in  a  thin  layer,  and  also  cause  the  sulphurous  acid  evolved  to  pass 
over  the  ore  in  a  roundabout  manner — that  is,  through  apertures  alter- 
nating with  each  other  on  the  sides  of  the  partition- walls.    The  roasting 

*  Tlie  description  of  Hasenclever  and  Hel big's  improved  roasting-furnace  is  from  the 
Zeils^hrift  des  Vereins  Deutacker  IngenieuVy  1872,  p.  405. 
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gases,  rich  in  salpharoas  acid,  escape  at  S  into  a  cooliQ^-chamber  cov- 
ered with  iron  plates,  apon  which  the  ore  is  dried  before  enteriog  the 
farnace.  Entrance  can  be  obtained  to  the  different  compartments  of 
the  canal  by  means  of  holes  on  the  sides,  which  are  closed  by  slides. 
Entrance  is  also  obtained  in  the  same  manner  to  the  fire-canals.  I,  hol- 
low discharging-roller,  kept  cool  by  air  passing  through  from  side  to 
side ;  it  is  revolved  by  a  small  water-wheel.  The  motion  is  not  cod- 
tinaal,  but  periodical.  As  soon  as  a  bucket  fills  with  water,  the  wheel 
revolves  half  the  way  roaud,  and  with  it  the  discharging-roUer,  whereby 
the  ore  is  discharged  from  the  inclined  canal  into  the  muffle  b  ;  the  rest 
of  the  ore  in  the  inclined  canal  gliding  down  as  fast  as  the  roller  dis- 
charges. The  muffle  b  is  6.5  meters  long,  1.8  meters  wide,  and  0.4 
meter  high,  and  has  five  working-doors.  The  ore  is  spread  out  in  the 
muffle  every  two  hours  and  gradually  shoved  to  the  rear,  where  it  falls 
through  an  opening  on  the  lower  hearth,  a,  which  is  directly  heated  by 
the  flames  from  the  fire-place.  The  hearth  a  is  5.7  meters  long  and  0.4 
meter  high.  The  ore  is  here  completely  roasted  and  gradually  shoved 
toward  the  fire-bridge.  The  sulphurous  acid  evolved  on  the  lower  hearth 
passes  off  with  the  gases  of  combustion  through  e,  c,  dt,  and  m,  into  the 
chimney;  {,  Boiituis  gas-generator,  hot  air  passing  in  over  the  generator; 
/,  working-door ;  Jc^  door  for  charging  generator  with  fuel.  Blende  con- 
taining only  30  per  cent,  sulphur  is  said  to  contain  10  per  cent,  sulphar 
when  reaching  //,  6.4  per  cent,  at  the  rear  of  the  muffle,  and  1.2  per 
cent.  (?)  on  reaching  the  fire-bridge. 

346.  The  lead-ores  treated  at  these  works  are  prepared  for  the  smelt- 
ing operation  by  roasting  in  reverberatory  furnaces.  These  have  one 
hearth  and  four  working-doors  on  each  side.  They  are  10.8  meters  long 
and  4  meters  wide.  Their  capacity  is  3,330  kilograms  ore  in  twenty-four 
hours,  with  a  consumption  of  25  to  26  per  cent,  bituminous  coal.  Twelve 
shaft-furnaces  are  used  to  smelt  the  roasted  ore.  Ten  of  these  are  of 
the  construction  known  as  the  Stolberg  furnace.  Those  used  here  are 
crucible-furnaces  with  four  tuyeres  in  the  back  wall.  Two  are  small 
Baschette  furnaces,  1.26  meters  wide  and  1.57  meters  deep.  The  charge 
is  composed  of  40  to  50  per  cent,  iron  tap-cinder,  8  per  cent,  limestone, 
20  per  cent,  lead-slag,  22  per  cent,  cokes.  Cerussite  is  made  into  balls 
with  powdered  iroh  tap-cinder  and  lime,  and  is  then  smelted  in  the  same 
manner  as  galena.  The  capacity  of  the  Bachette  furnace  is  25,000  kilo- 
grams ore  in  twenty -four  hours.  The  consumption  of  fuel  is  the  same  as 
in  the  Stolberg  furnace. 

347.  Both  the  pattiusonizing  and  the  zinc-desilverization  methods  are 
nsed.  The^pnrer  grades  of  silver-lead  are  desilverized  by  means  of  zinc 
in  iron  kettles.  The  charge  for  the  latter  process  is  12,000  kilograms. 
It  is  necessary  with  silver-lead  containing  a  large  quantity  of  antimony 
to  eliminate  the  latter  after  the  abzug,  formed  by  melting,  has  been  re- 
moved, and  before  the  first  addition  of  zinc,  by  conducting  superheated 
steam  through  the  molten  metallic  mass,  whereby  the  antimonial  lead 
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is  Stirred  up  and  brought  in  contact  with  the  air,  and  the  antimony 
oxidized,  together  with  a  small  quantity  of  lead.  This  dross  is  drawn 
off,  and  the  lead  is  desilverized  by  three  additions  of  zinc.  The  amoant 
of  zinc  consumed  with  silver-lead  containing  copper  averages  1.2  per 
cent. 

348.  The  poor  lead  isdezinckified  by  means  of  superheated  steam.  The 
zinc-scum  is  liquated  in  iron  kettles,  and  then  treated  with  steam,  {vide 
Lautehthal ;)  the  rich  lead  is  cupelled.  The  zinc-dust  is  treated,  accord, 
ing  to  Flach's  method,  in  a  shaft-furnace  with  three  tuyeres  and  a  low 
pressure  of  blast.  The  charge  is  100  zinc-dust,  50  iron  tap-cinder,  and 
a  small  quantity  of  the  upper  part  of  the  cupellation-hearth.  The  result- 
ing silver-lead  is  cupelled.  This  process  is  said  to  possess  several  ad- 
vantages, such  as  small  cost  of  construction,  requires  but  few  workmen 
to  conduct  it,  and  gives  immediate  results,  83  per  cent,  of  lead  being  ex- 
tracted. But  it  has  also  important  disadvantages,  and  it  is  a  disputed 
point  whether  it  is  more  desirable  than  the  Lautenthal  method.  It  is, 
in  all  probability,  far  inferior  to  the  method  practiced  at  Tarnowitz. 

In  order  to  avoid  a  great  volatilization  of  lead  the  pressure  of  the  blast 
must  be  made  small,  but  in  this  case  the  amount  of  zinc  volatilized  is 
also  diminished ;  only  very  little  silver  is  volatilized,  but  large  salaman- 
ders are  formed,  which  are  rich  in  silver  but  difficult  to  work.  The  zinc 
is  partially  slagged  and  partially  volatilized.  The  slag  and  salamanders 
are  both  added  in  small  quantities  to  the  ore-smelting. 

349.  The  silver-lead  fi*ee  from  impurities,  viz,  antimony,  copper- 
arsenic,  &c.,  is  pattinsonized  in  two  batteries;  each  battery  is  com- 
posed of  two  kettles,  viz,  the  melting  and  the  crystallization  kettles. 
The  method  is  the  so-called  <^  mechanical  pattinsonizing."  The  system 
used  at  Stolberg  was  invented  by  M.  Boudehen.  It  is  also  applied  at 
Hozappel  and  Bouin.  The*  stirrer  in  the  crystallization-kettle  is  moved 
by  a  vertical  hollow  shaft,  ^^  within  which  there  is  a  hollow  shaft.  By 
a  well-known  arrangement  of  bevel-wheels,  these  shafts  are  made  to 
revolve  in  opposite  directions.  On  the  lower  part  of  the  outer  shaft, 
within  the  pot,  is  fixed  a  stirrup-like  frame,  from  the  sides  of  which  pro- 
ject short  flat-edged  scrapers ;  on  the  inner  shaft  are  fixed  flat  arms  of 
equal  length,  arranged  spirally,  and  with  their  sides  oblique.  Engine- 
power  of  5  or  6  horses  is  required  to  drive  this,  machinery.  It  is 
asserted  that  the  cost  of  manual  labor  is  only  half  of  that  in  Pattinson's 
process,  and  the  total  saving  is  estimated  at  20  francs  =s$4  per  ton.^ 
The  considerable  outlay  for  machinery  and  skilled  manual  labor  appears 
to  be  the  principal  objection  to  this  method.  In  Stolberg  the  charge  is 
12,000  to  125,000  kilograms  silver-lead.  The  silver-lead  is  melted  in  the 
upper  kettle,  A,^  and  then  tapped  through  the  iron  pipes  into  the  lower 
kettle,  B,  which  has  previously  been  heated.    In  order  to  reduce  the 

*  The  foUowiog  description  and  drawing  of  apparatus  are  from  Percy's  Metallurgy 
of  Lead,  page  143.  The  drawing  given  is  Jordan's  system.  Boudehen's  is  the  same  in 
principle. 

t  See  Figures  7  and  8. 
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temperature  of  the  metallic  liquid  an  addition  of  silver-lead  is  made. 
The  stirrer  is  then  set  in  motion  and  small  jets  of  water  thrown  opoa 
the  molten  alloy.  At  the  end  of  two  hours  the  mass  will  have  become 
pasty,  when  the  stirrer  and  water-streams  are  stopped  and  the  mother- 
liquid  is  tapped  into  a  heated  pot,  o.  An  iron  hook  is  set  in  the  lead 
while  molten,  and  when  the  lead  has  cooled  it  is  lifted  out  by  means  of 
a  tackle.  A  fresh  quantity  of  silver-lead,  about  3,000  kilograms,  assay- 
ing about  the  same  in  silver  as  the  remaining  crystals,  is  added  from 
the  melting-kettle,  A,  to  the  crystallizing-kettle,  B;  during  this  operatioc 
the  motion  of  the  stirrer  is  reversed.  The  molten  alloy  soon  liqaefiei 
the  crystals,  when  the  already-described  operation  is  again  performed. 
After  this  operation  has  been  repeated  seven  times,  the  poor  lead  cod 
tains  but  0.0036  per  cent.  =  1  oz.  23.47  grs.  Ag.  The  crystals  arr 
melted,  tapped  off,  taken  to.  another  kettle  for  remeltiug  and  casting  m 
pigs.  An  obstruction  to  the  process  is  thus  avoided.  The  mother 
liquid  is  enriched  in  eight  operations.  The  mother- liquid  resulting  :< 
then  returned  to  the  kettle  and  further  enriched  in,  five  operations;  it 
contains  2.4  per  cent.  =  699  oz.  12  dwt.  Ag.  Eighty  muffle-furnaces  art 
employed  in  reducing  zinc-oxide.  Regenerative  furnaces  are  a1^.«^*K 
to  several  of  these,  and  are  said  to.  give  very  economical  results. 

350.  These  works  produce  a  greater  amount  of  lead  than  any  other 
establishment  in  the  world.  Their  production  in  the  last  few  year? 
has  averaged:  Lead,  10,550,000  kilograms;  silver,  7,850  kilograms; 
zinc,  7,600,000  kilograms  j  1,850,000  kilograms  was  manufactured  int«^ 
sheet-zinc. 

351.  The  Rheinisch-iNassauische  Berg-und  Hiitten-Actiengesellscliau 
was  represented  by  a  collection  lead  and  zinc  ores,  and  a  few  interme 
diate  products,  viz,  commercial  lead  and  silver.  This  company  was 
formed  on  January  1, 1873,  by  a  consolidation  of  the  EschweilerGesell 
schaft  fitr  Bergban  uud  Hiitten,  located  at  Stolberg,  and  the  Holzapi>eler 
Blei  und  Silber-Bergwerksgesellschaft,  located  at  Holzappel.  It  own? 
lead,  zinc,  and  iron-pyrites  mines  near  Stolberg,  Bensberg,  and  Wieslocb. 
The  ores  from  these  mines,  together  with  ores  from  Monteveccbio  in 
Sardinia,  Gar  Eouban  in  Algiers,  Utah,  and  Nevada,  are  treated  at 
the  Binsfelohammer  Hiitte,  near  Stolberg,  and  the  Wilhelms  Zinkhiii:' 
near  Eschweiler.  -The  Holzappeler  Hiitte  treats  the  ores  from  the  lea<l 
mines  near  Holzappel  and  Obernhof.  The  ores  at  Binsfeldhammer  ar^ 
worked  by  the  combined  roasting  and  reduction  process. 

352.  The  roasting-furnaces  are  6.3  meters  long  and  2.3  meters  wide: 
they  are  double-hearthed,  and  each  hearth  has  three  working-doors^  on 
one  side  only.  The  roasted  ore  is  smelted  in  shaft-furnaces.  The^ 
were  all  priginally  of  the  Stolberg  pattern,  but  round  shaft  (Pilz)  i^ 
naces  have  recently  been  introduced.  The  silver-lead  is  desilverized  bj 
means  of  zinc^  Superheated  steam  is  used  as  the  oxidizing  mediae^' 
The  zinc-dust  from  liquation  of  the  zinc-scum  (ziyikschaum)  is  smeltd^ 
with  iron  tap-cinder  in  the  reverberatory  furnaces  that  were  formerly 
used  for  the  smelting  of  ore,  according  to  the  "  French  process.'^ 
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Siemens^s  regenerative gas-farnaces  have  been  in  operation  at  Wilhelms 
since  1862. 

353.  The  gas  generative  and  regenerative  systems  have  proved  to  be 
very  advantageoas  for  zincfarnaces  in  the  past,  and,  as  the  price  of 
coal  will  probably  continue  to  grow  larger  without  a  corresponding  in- 
crease in  the  value  of  zinc,  the  gas  generative  or  regenerative  system 
will,  in  the  future,  be  necessary  to  an  economically  successful  working 
of  zinc-ores. 

354.  HoLZAPPEL. — Tbe  combined  roasting  and  smelting  process  for 
lead-ores  has  taken  the  place  of  a  modified  Cariuthian  smelting  process 
in  reverberatory  furnaces  at  Holzappel.  The  ore  is  galena,  with  blende 
and  copper  pyrites.  The  gangne  is  quartz,  siderite,  and  argillaceous 
slate.  The  ore  is  roasted  and  agglomerated  in  single-hearth  reverbera- 
tory funiaces,  having  five  working-doors  on  each  side.  The  hearth  is 
9.41  meters  long  and  3.14  meters  wide.  Its  capacity  is  6,000  kilograms 
in  twenty-four  hours,  with  a  consumption  of  17  per  cent,  bituminous 
coal.  The  ore  remains  in  the  furnace  thirty  hours ;  a  charge  of  750  kilo 
grams  is  drawn  every  six  hours.  The  roasted  agglomerated  ore  contains 
about  5  to  6  per  cent,  of  sulphur. 

The  roasted  ore  is  smelted  in  Stolberg  crucible  shaft-furnaces.  They 
have  two  tuyeres,  and  are  4.079  meters  high  ;  front  width,  0.785  meter ; 
back  width,  0.941  to  1.25  meters.  The  charge  is  composed  of  750  kilo- 
grams ore,  250  kilograms  iron  tap-cinder,  500  kilograms  lead-slag,  125 
kilograms  limestone,  135  kilograms  coke,  and  small  variable  quantities 
of  cupellation,  hearth,  and  furnace  accretions. 

The  silver-lead,  containing  0.01  per  cent.=2  oz.  18  dwt.  4.80  gr.  silver, 
is  pattinsonized.  Mechanical  pattinsonizing  was  first  introduced  at  these 
works.  The  mechanical  stirrer  used  was  invented  by  M.  Boudhen.  The 
process  is  similar  to  that  at  Stolberg. 

355.  This  company  produced  in  1872 — 


Zinc. 

Lead. 

Silver. 

IBinsfeldhammer  HUtte kilos. . 

1,200,000 

AYilhelm's  Hutte kilos . . 

950. 000 

• 
■ 

Holzappel kilos. . 

SOO,  000 

300 

Making  a  total  production  of  zinc,  950,000  kilograms  j  lead,  1,500,000 
liilograms ;  silver,  300  kilograms. 

356.  The  Mechernicher  Bergwerks  Actien  Yerein,  of  Mechernich  in 
Commern,  was  represented  by  maps,  illustrating  the  size  and  character 
of  their  mines,  ores,  silver-lead,  commercial  lead  and  silver.  This  com- 
pany works  the  large  lead-mine  "Meinerzhagener  Bl^berg,"  and  the 
smeltingworksat  Mechernich.  The  Meinerzhagener  Bleiberg  mine  was 
originally  divided  into  several  smaller  mines,  dating  from  the  seventeenth 


152  VIENNA   INTERNATIONAL   EXHIBITION,  1873w 

century,  which  were  consolidated  into  one  in  1857.  The  mining  consists 
in  both  surface  and  subterranean  working.  The  sandstone  stratom  is 
over  20  meters  thick,  and  is  impregnated  with  small  galena  nodules, 
averaging  from  2  to  4  millimeters  in  diameter.  The  size  of  the  lev- 
els and  the  condition  of  the  atmosphere  in  the  mine  permit  the  nse 
of  small  steam-engines  to  draw  the  ore-cars.  Bock-drilling  machines 
are  used,  and  the  blasts  are  exploded  by  means  of  electric  sparks.  The 
levels,  &c.,  are  lighted  with  gas.  There  were  2,700  workmen  employed 
in  this  mine  in  1872,  who  extracted  4,700,000  kilograms  ores  assaying 
from  1.3  to  2.0  per  cent.  lead.  In  ten  hours  950  centimeters  of  ore  and 
gangue  are  mined.  The  same  quantity  of  ore  is  dressed  in  eighteen 
hours.    The  concentration  is  carried  to  57  to  60  per  cent.  lead. 

357.  The  ore,  which  is  composed  chiefly  of  galena,  silica,  and  alumina, 
is  treated  according  to  the  combined  roasting  and  smelting  process.  It 
contains  but  a  very  small  quantity  of  copper ;  which  removes  the  neces- 
sity of  retaining  a  large  amount  of  sulphur  in  the  roasted  ore,  in  order 
to  concentrate  the  copper  in  a  matte;  and  is  free  from  those  minerals, 
the  component  parts  of  which  form  combinations  with  silica,  requiring 
a  high  fusing  temperature,  (blende,  calcite,  &c.,)  and  a  large  consump- 
tion of  fuel,  accompanied  by  an  increased  metallic  volatilization.  In 
consideration  of  this  the  ore  undergoes  a  ^^slag-roasting." 

358.  Double>hearthed reverberatory  furnaces,  (Fortschaufelungsoefen,) 
10.4  meters  long  and  3.76  meters  wide,  were  formerly  exclusively  used; 
but  lately  a  furnace  whose  hearth  is  22  meters  long  has  been  eiected. 
It  is  superior  to  the  short  ones,  inasmuch  as  the  ore  does  not  so  easily 
agglomerate  in  the  preliminary  periods,  whereby  a  siliceous  crust  would 
form  and  prevent  a  further  oxidization.  In  this  long  furnace  the  ore  is 
oxidized  so  gradually  that  the  roasting  progresses  without  interruption 
for  six  days ;  whereby  the  sulphide  of  lead  is  converted  into  sulphate, 
and  a  small  amount  of  oxide  of  lead.  As  the  charge  is  moved  toward 
the  fire-bridge  the  high  temperature  causes  the  silicic  acid  to  unite  with 
the  lead-oxide,  and  to  decompose  the  sulphate  of  lead,  forming  a  homo- 
geneous basic  lead-silicate,  containing  minute  particles  of  uudeeom- 
posed  galena,  with  the  following  composition: 

8  to  9  per  cent.  AU  O3. 

23  to  24  per  cent.  Si  O,. 

60  to  61  per  cent.  Pb. 

1  to  1.5  per  cent.  S.=11.2  to  7.5  sulphide  of  lead. 

The  furnace  contains  40,000  kilograms  ore.  One  thousand  five  han. 
dred  kilograms  roasted  ore  is  drawn,  and  1,500  kilograms  raw  ore  is 
charged,  every  six  hours,  making  the  capacity  of  the  furnace  7,000  kilo- 
grams in  twenty.four  hours,  with  a  consumption  of  13  to  15  per  cent, 
bituminous  coal.  The  last  furnace  erected  is  24.5  meters  long.  It  is 
desired  to  conduct  the  roasting  slower,  and,  by  carefully  regulating  the 
temperature,  obtain  a  product  containing  still  less  sulphur.  The  redac- 
tion of  the  ore  occurs  in  Stolberg  shaft-furnaces  with  four  water-tuyeres 
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5.02  meters  high,  1,596  meters  wide,  and  1,255  meters  deep.   One  tuyere 
is  placed  on  each  side  and  the  other  two  in  the  back  corners^  they  are 
all  directed  toward  the  slag-spoat.    The   blast   is  0.25  meter  water- 
colamn. 
The  charge,  in  June,  1871,  was  a  normal  one  and  consisted  of: 

Parts. 

Koasted  ore,  (agglomerated,)  with  60  to  65  per  cent 100 

Old  slime,  with  about  20  per  cent,  lead 28. 5 

By-products,  from  the  zinc  desilverization '. 20 

Iron  slag,  from  pnddling-furnace 50 

Furnace  accretions 16 

Limestone 48 

Pig-iron,  to  decompose  a  small  amount  of  galena  remaining  in 

slagged  ore 4^ 

Coke 20 

The  slag  from  this  smelting  was  composed  of— 

Per  cent. 

SiOj 38.2 

FeO 28.71 

CaO 19.36 

MgO 0.79 

AI2O3 11.44 

Ca+ Pb 1. 5 


100. 00 


The  products  are  a  small  amount  of  lead-matte,  containing  10  per  cent, 
lead,  a  very  small  quantity  of  copper,  and  2Di  per  cent,  sulphur.  The 
matte  is  roasted  several  times  in  stalls  and  then  smelted.  The  compo- 
sition of  the  charge  is : 

Roasted  lead-matte 100. 00 

Iron-slag,  from  puddling-f nrnace 17. 77 

Limestone 17.77 

Coke n.ll 

The  lead  from  the  matte-smelting  is  used  in  the  manufacture  of  shot. 
The  matte  is  repeatedly  roasted  and  smelted  until  the  contents  of  lead 
is  reduced  to  20  per  cent.,  and  the  copper  is  concentrated  to  1  per  cent., 
when  it  is  laid  aside. 

The  silver-lead  from  the  ore-smelting,  containing  0.02  per  cent.  =  5  oz. 
16  dwt.  14  gr.  silver,  is  desilverized  by  means  of  zinc. 

359.  The  process  of  desilverization  is  about  the  same  as  that  practiced 
at  Lautenthal.  The  charge  is  30,000  kilograms;  after  this  is  melted  in  an 
iron  kettle  and  the  abzug  removed,  225  kilograms  of  zinc  are  added ;  when 
the  zinc  has  melted  it  is  stirred  for  thirty  minutes  and  then  allowed  to 
slowly  cool  for  about  eight  hours.  The  solidified  silver-zinc  alloy  is  now 
removed. 
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The  second  addition  of  zinc  is  75  kilograms,  the  third  is  24  kilograoai 
The  time  allowed  for  cooling,  after  the  second  and  third  addition  of  zinc, 
is  eight  honrs.  This  is  a.  waste  of  time,  as  the  separation  of  the  differ* 
ent  alloys  occurs  in  a  much  shorter  period  when  repeatedly  stirred  and 
the  zinc-scum  removed.  A  saving  of  labor  is  hardly  the  object  sought 
for. 

360.  The  poor  lead  is  dezinckified  by  means  of  snperheated  steam^the 
desirability  of  using  steam  being  increased  by  the  lead  containing  a 
small  Quantity  of  antimony  and  nickel.  The  zinc-scum  (zink^aw^ 
is  liquated  in  iron  pipes,  which  are  inclined  at  a  small  angle.  The  result- 
ing lead  is  desilverized  with  tl^e  silver-lead  from  the  ore-smelting;  tLe 
residue  remaining  in  the  iron  pipes  (enriched  silver-zioc  alloy)  i< 
smelted  in  a  shaft-furnace. 

The  furnace  is  first  charged  with  100  per  cent,  iron  tap-cinder  and  2i( 
per  cent.  coke.  When  the  slag  flows  freely,  the  silver-zinc  alloy  i5 
charged,  commencing  with  25  per  cent.  The  normal  charge  consist 
in — 

Silver-zinc  alloy  . . W 

Lead-matte,  containing  9  to  10  per  cent,  lead 4« 

Iron  tap-cinder \*^ 

Coke le-b 

In  order  to  avoid  an  unnecessary  volatilization  of  lead,  the  pressare 
of  the  blast  is  not  permitted  to  exceed  0.131  meter  water-colamn.  Th<* 
lead  assaying  2jb>*#  per  cent.  =  583  oz.  silver,  is  poled  and  cupelled. 
The  copper  lead  matte,  when  a  sufficiently  large  quantity  has  accama 
lated,  is  smelted  in  a  shaft-furnace  with  the  following  products : 

Copper- lead  matte P 

Old  lead-slag.: '^ 

Iron  tap-cinder - T? 

Fumes  from  condensation-chambers 5^' 

Sweeping ..., l'**' 

Coke 4'' 

The  pressure  of  blast  is  0.13  meter  water-column.  The  silver-lead  i> 
cupelled.  The  matte,  containing  about  50  per  cent,  copper  and  a  small 
quantity  of  silver,  is  sold.  The  loss  in  lead  in  1870  was  estimated  at 
9.3  per  cent. 

361.  The  production  of  these  works  for  1872  Js  estimated  at  1,400,<»^' 
kilograms  lead,  600  kilograms  silver. 

362.  Nassau.— The" EmserBleiundSilber  Htttten » exhibited  a  sy^ 
tematic  collection  of  dressed  ores  and  several  metallurgical  prodiiots 
among  which  were  the  following:  Fine  silver;  soft  lead,  99.99  perceu:. 
being  pure  lead ;  pulverized  litharge,  with  92  per  cent.  Pb.  and  8  per  oea* 
O ;  prime  red  litharge,  with  92  per  cent.  Pb.  and  8  per  cent.  O ;  cuprif- 
erous litharge,  with  91  per  cent.  Pb.,  1  per  cent.  Cu.,  and  8  per  ceot. 
O;  lump  litharge,  with  92  per  cent,  Pb.,  and  8  per  cent.  O;   *'zioe 
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3^ellow,''  (produced  in  the  zinc-desilverization  proceBS  by  the  dezinckifi- 
cation  of  the  desilverized  lead  by  means  of  steam,)  containing  60  per 
cent,  zinc  oxide  and  40  per  cent,  lead  oxide. 

363.  The  Emser  Hiitte  was  founded  in  1769,  and  the  ore  was  smelted 
in  reverberatory  furnaces  up  to  about  the  year  1835 ;  the  iron  reduction 
process  of  smelting  was  then  introduced,  and  the  smelting  operations 
conducted  in  one-tuyered  blast-furnaces  of  the  old  Harz  pattern,  which 
were  succeeded  by  Vogel's  furnace  with  two  tuyeres.  The  latter  furnace 
was  much  more  economical  as  regards  the  consumption  of  fuel  than  the 
former;  the  loss  of  lead  was  also  diminished  by  their  use.  Within  the 
last  few  years  the  iron  reduction  process  has  been  done  away  with  and 
the  combined  roasting  and  reduction  process  has  taken  its  place.  The 
ore  assays  50  per  cent,  lead  and  0.05  per  cent.  =  14  oz.  11  dwt.  14  gr. 
silver;  it  carries  a  considerable  amount  of  blende,  copper  pyrites,  tetra- 
hedrite,  and  siderite. 

364.  It  is  roasted  in  single-hearthed  reverberatory  furnaces,  {Fort- 
schaufelungsoeferij)  7.85  meters  long  and  4.08  meters  wide.  They  have 
working-doors  on  both  sides.  Its  capacity  is  4,800  kilograms  ore,  with 
a  consumption  of  25  per  cent,  bituminous  coal.  The  roasted  ore  contains 
5  to  4.5  per  cent,  sulphur.  The  fumes  from  roasting  were  in  1871  per- 
mitted to  escape  into  the  air,  whereby  the  loss  of  lead,  &c.,  was  greatly 
increased. 

365.  Two  twelve-tuyered  Eachette  furnaces,  4.393  meters  high — at 
the  bottom,  2.823  meters  long,  1.098  meters  wide ;  at  the  top,  2.994  me- 
ters long,  1.569  meters  wide — are  used  for  the  reduction  of  the  ore.  The 
charge  is  composed  of— • 

100  parts  roasted  ore. 

133  parts  slag  from  same  operation. 

50  parts  reheating  slag. 

10  parts  lime. 
8  parts  lead-flux. 

30  parts  coke. 

The  capacity  of  each  furnace  is  45,250  kilograms  charge  in  twenty- 
four  hours.  The  pressure  of  blast  is  0.013  meter  quicksilver-column. 
It  was  intended  in  1873  to  erect  a  Pilz  furnace,  with  the  hope  of  mate- 
rially diminishing  the  amount  of  zinc-accretions,  &c. 

366.  The  lead-matte,  containing  4  per  cent,  copper  and  8  per  cent, 
lead,  is  roasted  in  stalls  and  smelted.  The  silver-lead  from  the  matte- 
smelting,  on  account  of  its  containing  a  considerable  amount  of  copper, 
is  not  desilverized  with  zinc,  but  is  sent  directly  to  the  cupellation-fur- 
nace.    The  concentrated  copper-matte  is  sold. 

367.  The  silver-lead  from  the  ore-smelting  is  desilverized  by  means  of 
zinc.  On  account  of  the  small  quantity  of  silver-lead  to  be  treated,  the 
battery  consists  of  only  four  desilverization-kettles,  two  for  treating  the 
silver-lead,  one  for  liquating  the  lead  in  the  zinc-scum,  and  one  in  which 
the  zinc,  &c.,  in  the  ?inc-dast  (zinkstaub)  is  oxidized.    The  kettles  are 
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1.7  meters  in  diameter  and  1.1  meters  deep.  The  charge  is  5,000  kilo- 
grams. The  zinc  is  added  to  the  molten  silver-lead  in  three  portions. 
The  amount  of  zinc  used  is  200  kilograms  =  1.3  per  cent. 

The  alloy  (copper-scum)  formed  by  the  first  addition  of  zinc  holds  the 
gold  contained  in  the  silver-lead.  This  is  kept  and  treated  by  itself, 
but  in  a  similar  manner  as  the  zincscum.  The  silver-zinc  alloy  from 
the  second  and  third  additions  is  first  liquated  in  an  iron  kettle.  The 
resulting  lead  is  treated  with  a  second  and  third  portion  of  zinc.  The 
zinc-dust  is  removed  to  the  fourth,  or  rich,  kettle,  and,  after  having 
been  brought  to  a  cherry-red  heat,  is  violently  stirred  with  superheated 
steam.  The  zinc  and  a  portion  of  lead  are  hereby  oxidized.  The  lead 
containing  2  per  cent.  =  5S3  ounces  silver  is  cupelled.  The  rich  oxides 
are  smelted  in  a  two-tuyered  furnace  4.86  meters  high,  0.13-meter  pre$- 
<)iJut^  r  sure  of  blast,  ^Httfiksfanr-eolumn.  It  was  formerly  used  for  ore-smelting. 
"  *The  charge  is  composed  of — 

100  parts  rich  oxides. 
100  parts  iron  tap-cinder. 
100  parts  lead-slag. 
30  parte  coke. 

It  is  asserted  that  the  formation  of  salamanders  is  small,  but  an  im- 
portant feature  of  this  process  is  the  volatilization  of  silver.  The  fumes 
assay  0.004  per  cent.=l  oz.  3  dwt.  7  gr.  silver.  The  desilverizalm-lead 
is  treated  with  steam,  whereby  the  zinc  and  antimony  are  oxidized. 
Bachette  furnaces  with  twelve  tuyeres  were  first  employed  at  Ems. 

368.  In  1872  these  works  produced — 

KUograms. 

Lead 1,080,000 

Litharge - 1,710,000 

Silver 3,050 


CHAPTER   IX. 


AUSTRO-HUNGARIAN  EMPIRE  EXHIBITS. 

Condition  of  metat^-industry ;  Display;  Exhibits  of  the  Pribram  Smelting, 
Works,  Kscheutzischer,  Zeche  and  Mies,  Brixlego  Smelting-Works,  Jochbsrg 
Smeltino-Works,  MuhlbaCh  Smelting-Works,  Bleiberg  Smelting  Company- 
Eoger  Smelting-Works,  J.  Rainer,  Smaller  Carinthian  Smelting-Works, 
Raiblb  Smblting- Works,  Puntschard  White-Lead  Works,  F.  P.  Herbst,  Lud- 
wio  KuftscH  Smelting-Works,  Krain  Ludwig's  Kursch  Zinc- Works,  Froue, 
Bulgaria,  Royal  Hungarian  Mint  ;  Smelting- works  at  Schemnitz,  Kremnitz, 

':^  *>-^ARNOWITZ,  AND  NeWSOHL,  TaJo{a  J  METALLURGICAL  PROCESS  IN  THE  LOWER  HUN- 
GARIAN mining-districts,  Waldburgerschaft  Smelting-Works,  Transylvania, 
NagyBa^bh.  fTYA 


369.  Lead-metal  indastry  in  the  Austrian-Hungarian  Empire  has  a 
very  ancient  origin,  but,  on  account  of  a  lack  of  large  ore-deposits,  it  has 
never  grown  to  extensive  dimensions.  It  is  chiefly  owing  to  the  many 
important  improvements,  made  by  Peter  Bitter  v.  Eittinger,  by  means  of 
which  the  ores  are  carefully  dressed  and  the  obnoxious  minerals  sepa- 
rated from  the  valuable  elements,  that  they  are  enabled  to  conduct  the 
smelting  processes  in  an  economical  and  profitable  manner.  .  The  lead 
and  silver  mining  and  smelting  centers  in  Bohemia  and  Hungary  have, 
unfortunately,  been  without  railroad  communications,  which  have,  in 
some  respects,  greatly  retarded  their  development.  A  railroad  was 
finished  and  opened  to  Schemnitz  last  summer,  which  will  enable  the 
reducing-works  to  operate  on  quite  an  enlarged  scale.  The  government 
has  already  adopted  measures  to  consolidate  the  reducing-works  in  and 
near  Schemnitz  into  one. 

370.  The  empire  was  well  represented  at  the  Exposition  in  Group  I, 
and  it  was  greatly  regretted  that  the  mining  and  metallurgical  products 
were  not  exhibited  so  as  to  form  a  connected  display,  and  thus  present 
one  large  exhibit  instead  of  the  many  lesser  ones.  The  products  of  each 
separate  district  were  scattered  through  the  Austrian  portion  of  the 
^^  Industrial  Palace,^  presenting  a  striking  contrast  to  Germany's  dis- 
play, and  making  it  difficult  for  the  visitor  to  obtain  a  comprehensive 
oversight  of  the  whole  by  comparison. 

371.  Bohemia. — The  Pribramer  Silberhiitte  was  represented  by  plans  of 
the  smelting- works;  statistical  map  of  production,  embracing  the  receipts 
and  expenses,  gain  and  loss,  for  each  year  from  1751  to  1871 ;  charts  illus- 
trating the  different  steps  in  dressing  the  ores,  and  each  manipulation 
in  their  reduction,  and  systematically-arranged  collections  of  vein-pieces, 
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(41;)  dressed  ores,  (50;)  intermediate  and  final  metallargical  products, 
'  (52 ;)  models  of  machinery  for  dressing  ore ;  and  model  of  the  newly- 
erected  large  cupelling-furnace. 

372.  A  large  pyramid,  placed  opposite,  and  similar  to  that  from 
Brixlegg,  attracted  attention.  The  body  was  composed  of  vein-pieces, 
ores,  and  products;  a  piece  of  silver  from  the  German  cupellation- 
f  urnace  formed  its  apex.  This  exhibit  was  in  itself  a  model  of  complete- 
ness, and  showed  a  scientific  treatment  of  the  subject.  The  following 
have  been  selected  from  this  display  as  being  of  especial  interest : 

Commercial  antimouial  lead,  noted  for  its  large  percentage  of  anti- 
mony, (18  to  20  per  cent. ;)  silver-lead,  soft  lead,  commercial  lead,  from 
pattinsonizing,  produced  by  reducing  and  pattinsonizing  the  rich  litharge. 
Black,  red,  and  green  litharge ;  the  former  is  reduced  and  produces  anti* 
monial  lead;  the  two  latter  are  articles  of  commerce.  Silver,  from  Ger- 
man cupellation-hearth,  in  the  form  of  a  large  cake,  about  3  feet  6  inches 
in  diameter  and  2  to  4  inches  thick.  It  weighed  1,015  ZoU.  pounds  = 
507.5  kilograms,  and  was  valued  at  4,570  gulden,  (Austrian.)  !Near  the 
edge  of  the  silver-cake  there  were  large  pyramids,  formed  by  sprouting 
while  cooling.  The  pyramids  were  from  4  to  8  inches  high.  There  were 
also  bricks  of  refined  silver  exhibited. 

373.  In  addition  to  the  enumerated  products,  there  was  a  model  of 
Eittinger's  continual-acting  percussion-table,  in  one-third  of  the  natural 
dimensions.  This  table  is  intended  to  classify  sorted  slimes.  The  frame 
of  the  bed  is  of  wrought-iron,  and  it  is  suspended  by  four  hooks  from 
four  iron  pillars.  The  floor  of  the  bed  was,  in*  the  model,  of  marble. 
Its  capacity  is  0.063  to  0.126  centimeter  slime  in  one  hour.  It  concen- 
trates pure  slime  to  60  to  70  per  cent,  of  lead. 

374.  There  was  also  exhibited  a  model  of  the  cupellation-furnace,  in 
one-sixteenth  of  its  natural  dimensions,  erected  in  1872  by  Herr  Cermak. 
This  furnace  (see  drawings)  is  rectangular,  with  a  surface  of  hearth 
equal  to  12  square  meters.  There  are  two  movable  hoods,  each  cover- 
ing one-half  of  the  furnace.  This  furnace  is  intended  for  a  charge  of 
25,000  kilometers  =  24.63  tons lEnglish] lead.  It  has  four  fire-plac^ ; 
these  are  placed,  two  in  each  end ;  the  doors  are  in  the  front  and  rear 
of  the  furnace.  Either  wood  or  bituminous  coal  can  be  used  as  fuel. 
The  lead-fumes  are  caught  in  small  hoods,  hung  over  the  litharge-open- 
ing, and  led  into  the  main  escape-pipe  for  the  gases  and  fumes ;  this  is 
cast-iron,  and  is  conducted  through  the  blast-canal,  thus  warming  the 
blast.  It  was  intended  to  construct  three  similar  furnaces  in  1873-74, 
with  gas-generating  furnaces  attached.  The  drawing  at  the  end  of  this 
report  is  a  copy  of  the  drawing  by  which  the  furnace  was  built. 

EXPLANATION  OF  THE  DRAWINGS,  FIGURES  IX   TO   XVI,  OP  THE  NEW 
OUPELLATION-FURNACE  BUILT  AT  PRISBAM  IN  1872. 


A,  hearth  made  of  marl. 

B,  hearth  made  of  slag. 
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G,  fouudatiou,  with  holes,/,  for  escape  of  moisture. 
b,  two  doors  for  charging  or  watching  the  process. 

D,  two  movable  hoods ;  d,  sections  of  the  same. 

E,  four  iron  columns  supporting  an  iron  rail,  upon  which  rest  the 
pulleys  that  raise  the  hoods. 

gj  small  hood  overhanging  litharge-doors,  F,  and  leading  into  G  for 
escax>e  of  furnace-fames. 

H,  iron  pipe  containing  blast  5  this  is  placed  in  the  canal,  G,  by  means 
of  v/hich  the  blast  is  heated,    hj  tuyeres. 

K,  door  to  fire-place.    Jc,  fire-grate,  with  blast  from  I  w,  ash-pit. 

It  is  greatly  to  be  regretted  that  the  results  obtained  with  this  fur- 
nace at  Pribram  were  not  to  be  had.  But  it  is  highly  probable  that 
it  would  be  very  advantageous  for  works  where  large  quantities  of  sil- 
ver-lead are  cupelled,  as  at  Pribarm.  There  must  be  a  great  saving  of 
fuel  and  labor  when  cupelling  large  quantities  of  silver-lead,  especially 
if  it  is  poor  in  silver,  when  compared  to  the  method  often  practiced  of 
repeatedly  adding  fresh  quantities  of  silver-lead,  which  has  the  effect  of 
cooling  the  molten  mass,  and  producing  an  impure  litharge  throughout 
the  first  part  of  the  process.  The  concentration  of  the  silver  cannot  be 
carried  in  this  furnace  beyond  certain  limits,  owing  to  the  increased 
temperature,  and  proportionate  consumption  of  fuel  necessary  to  heat 
the  resulting  small  amount  of  silver  in  the  large  hearth. 

375.  Latest  improvements  in  the  metallurgical  process. — 
Since  the  close  of  the  year  1871,  the  combined  ^l^ng'and  smelting 
process  has  taken  the  place  of  the  iron-reduction  process,  in  use  up  to 
that  time.  Long  reverberatory  roasting-furnaces  are  used  for  roasting 
ores,  and  Bundofen  (cylindrical  blast-furnaces)  with  seven  tuyeres,  for 
the  smelting  and  reduction  of  the  roasted  ore.  In  consequence  of  this 
change,  less  lead-matte  had  to  be  roasted  and  reduced  by  smelting, 
whereby  the  reduction  was  accompanied  with  a  smaller  amount  of 
intermediate  products,  less  loss,  and,  consequently,  a  decrea^se  in  the 
general  cost,  as  the  following  figures  will  show : 

1871.  1872. 


Cost  of  smelting  per  cwt.*  of  ore 

Loss  in  silver 

Loss  in  lead 


1  fl.  88.30  kr. 
1.274  per  cent. 
21.61  per  cent. 


1  fl.  73.98  kr. 
0.853  per  cent. 
17.50  per  cent. 


The  following  communication  upon  the  cost  of  smelting  and  the 
latest  improvements  made  at  Pribram  appeared  in  The  Berg-und 
HuUenmannische  Zeitung^  1873,  p.  409. 

In  making  use  of  the  iron-reduction  process,  the  yield  in  lead-matte 
was  70  per  cent,  of  the  ore  melted.  In  1870,  with  the  roasting  and 
smelting  process,  combined  with  the  iron-reduction  process,  the  yield 
was  still  as  high  as  42.95  per  cent. )  in  1871,  only  31.32  per  cent,  was 
l)rodnced ;  since  1872,  with  the  combined  roasting  and  smelting  process 

*  1  Austrian  cwt.  =  56  kilograms  =  133  pounds  English. 


J^ 
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alone,  and  working  an  ore  containing  53  percent  lead,  the  yield  in  lead- 
matte  was  only  10.8  per  cent,  of  the  ore  smelted. 

Daring  the  last  three  years  the  ores  have  continually  increased,  as 
regards  metallurgical  treatment,  in  rebelliousness,  the  percentage  of 
zinc-sulphide,  copper-sulphide,  and  silicic  acid,  being  continually  on  the 
increase.  The  following  three  average  analyses  will  show  this  increasse 
in  the  ingredients  above  mentioned,  a,  is  an  average  analysis  of  the 
lead  ores  in  December  of  the  year  1870,  after  the  same  had  been  fre^^il 
from  all  blendic  ore,  made  by  Patera ;  ft,  average  analysis  of  tbc 
ores  in  the  year  1871,  made  by  Mdzek  ^  and  c,  average  analysis,  in  the 
year  1872,  made  by  the  same : 


Lead  enlphide 

Zinc  sulphide 

Antimony  teraalphide 

Argent  salphide 

Gold  Bulphlde 

Copper  protoaolphide , 

yickel  and  cobalt 

Holybdaninm 

Iron  bisulphide , 

l-iron  arsenide 

Iron-protoxide  carbonate 

Haf^iesia  carbonate 

Lime  carbonate , 

Manganese  protoxide 

Baryta  carlK>nate , 

Gangne,  jDrinoipally  onartz 

Silicic  acid,  principally  quarts . 
Alumina 


Total. 


71.49 
6.40 
a  01 
0.39 


Trace. 

Trace. 

Trace. 

5.44 


5.04 
Tnioe. 


7.80 


99.57 


b. 


6K11  I 
8.01 
1.30 
a38 


a04 
Trace, 


S.04 
0.51 
7.01 
0.57 
1.43 
1.50 
Trace. 


&49 
0.37 


90.76 


fif 


Tr, 


11  '>' 


U.' 


In  1870,  instead  of  the  four  English  roasting-furnaces,  three  \on 
reverberatory  roasting-furnaces  were  put  in  operation,  and  the  fourth  in 
the  beginning  of  March,  all  of  which  worked  well  and  with  a  large  sav 
ing  in  fuel,  as  compared  with  the  English  furnaces.  These  furnace^ 
roasted  ores  containing  55  per  cent,  galena,  so  as  to  free  them  from  al! 
the  sulphur  contained  therein  within  2  to  3  per  cent.,  thus  causing  th^ 
good  results  spoken  of  above  as  regards  the  production  of  lead-matte. 
By  comparing  the  former  roasting  in  English  and  double-roasting  fiir- 
naces  of  the  year  1869,  with  that  in  the  long  reverberatory  roasting- 
furnaces  in  1871  and  1872,  we  have  the  following  results  : 


Workinginen'8  wages  per  cwt.  of  ore Icrentaser.. 

Bitumnious  coal  per  cwt.  of  ore pounds.. 

Cost  of  bitomlnoas  coal  per  cwt  of  ore* florins.. 

Cost  of  roasting  per  owt.  of  ore kreatser.. 


U'i 


9. 18  '■'  • 
SSl44  £«- 
1&03       1^' 


*  The  cost  of  1  cwt.  of  bitaminons  coal  in  1869, 1871,  and  1873  was  53.5,  63,  and  66  kreataer. 

In  order,  however,  to  rightly  judge  of  the  cost  of  roasting  in  botb 
kinds  of  furnaces,  the  cost  of  roasting  a  cwt.  of  ore  must  be  carried  bai-i 
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to  the  wages  paid  iu  1869,  and  the  saving  in  fael  should  be  made  inde- 
pendent of  the  favorable  price  of  coal  in  that  year.  We  then  have  the 
following  results  for  the  roasting  in  the  long  reverberatory  furnaces : 


c 


SaviDg  in  wages  per  cwt.  of  ore 
Saving  in  bituminous  coal 


Total 6.86  9.42 


ISince  October,  1871,  the  lead-matte  and  furnace-accretions  have  been 
roasted  in  stalls.  The  new  cylindrical  blast-furnace  with  seven  tuyeres, 
{rundofenj)  with  bo8h  and  closed  top,  finished  in  1872,  allows  of  from  six 
tx)  seven  times  greater  production  than  the  old  blast-furnace  with  two 
tuyeres,  and  saves  almost  one-third  of  the  fuel  necessary  for  the  latter. 

The  condensing-chambers  have  proved  to  be  effective.  They  gave, 
at  the  end  of  the  year  1871,  418  cwt.=20^^§J  tons  of  furnace-fumes, 
having  a  value  2,293  fl.  12  kr.  in  metal,  which  is  about  equal  to  6  per 
cent,  interest  on  the  cost  of  building  the  canal. 

The  fluxing  with  lead-matte,  lead-slag,  and  limestone  was  continued 
as  usual ;  also  the  addition  of  the  small  percentage  of  pig-iron,  4  to  5 
per  cent.,  for  reason  of  the  poverty  of  the  Pribram  ores  in  this  metal; 
but  the  addition  of  the  iron-slag  from  puddling-furnace  was  diminished, 
by  being  partially  replaced  with  the  cheaper  limestone.  A  mixture  of 
charcoal  and  coke  came  into  use  as  fuel,  as  the  use  of  the  latter  alone 
was  still  too  expensive,  (1  cwt.  coke  eosting  2  fl.,  and  1  cwt.  charcoal 
1  fl.  30  kr.)  The  pecuniary  possibility  of  the  exclusive  use  of  coke  will 
be  decided  by  the  seven-tuyered  furnace. 

For  the  further  manipulation  of  the  silver-lead,  a  German  cupellation- 
f  urnace,  finished  in  1872,  and  of  improved  construction,  was  made  use 
of.  In  1871,  the  Pattinson  apparatus  was  finished,  consisting  of  a  melt- 
ing-kettle and  a  crystallization-kettle,  and  in  working,  by  allowing  the 
mother-liquid  to  flow  ofT,  a  normal  decrease  of  the  percentage  of  silver 
in  the  crystals  was  effected. 

In  the  manufactory  for  the  manufacture  of  zinc  oxide,  finished  in  1871, 
finely  crushed  blendic  ores,  coptaining  17  per  cent  zinc,  are  treated 
until  the  residue  contains  only  20  per  cent,  of  the  metal  originally  con- 
tained in  the  ore. 

In  order  to  perfect  a  systematic  manipulation,  the  following  arrange- 
ments are  to  be  introduced :  A  fine  brick  factoiy,  a  refining-furnace  for 
i  nipure  lead,  zinc-desilverization,  the  extraction  of  bismuth  from  the 
test  of  the  cupellation-furuace,  the  resmelting  of  old  lead-slag  in  cylin- 
drical blast-furnaces,  the  production  of  minium,  a  blast  heating-appa- 
ratus, and  a  steam  blast-engine,  to  be  ,used  for  the  cupellation,  or  during 
any  interruption  of  the  other  machinery,  &c.  The  number  of  workmen- 
9iiiployed  in  1869  was  285,  and  in  the  last  three  years  they  averaged  306. 
11 M 
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376.  The  results  of  extraction  in  the  years  1870  to  1872,  as  compared 
to  those  of  1869,  are  as  follows : 


1.  ROASTIKO  OF  THB  ORE  IN   REVERBERATORY  FUR- 

NACES. 

CoDsamption   of  bitaminons   coal   per   100  cwt. 
ore cwt.. 

2.  ftliSLTING;  A  COMBINED  R0A3TJKO  AND  BMELTINO 

PROCESS. 

CoDsnmption  of  charcoal  per  100  cwt.  ore tons. . 

CoDBumptioD  of  coke  per  100  cwt.  ore cwt. . 

CoDsumptlon  of  charcoal  per  100  cwt.  of  total  charge, 

inclndlnp  lead -slag toDS. . 

GoDBamption  of  coke  per  100  cwt.  of  total  charge, 

iuclndins  lead-sla^ cwt. . 

CoDsamption  ofpig-iron  per  100  cwt.  ore cwt. . 

CoDsnmptioD  or  iron-slag  from  paddliDS-famace 

per  100  cwt.  ore wheelbarrows. . 

Limestone  and  lime   consumption   per   100  cwt. 

ore cwt.. 

Gonsamption  of  spathiciron-ore  per  100  cwt.  ore .  cwt. . 

3.  IfiON-RKDUCnON  PROCESS. 

Gonsamption  of  charcoal  per  100  cwt.  ore tons.. 

Consumption  of  coke  per  100  cwt.  ore cwt. . 

Consnmption  of    charcoal  per  100  cwt.  of  total 

charge,  iDclasive  of  lead-slag tons. . 

Consnmption  of  coke  per  100  cwt.  of  total  charge, 

inclaaive  of  lead-slag cwt. . 

Gonsamption  of  pig-iron  per  100  cwt  ore cwt. . 

Consumption  of  iron-slag  flrom  puddling-fnrnace 

per  100  cwt.  ore wheelbarrows. . 

Consumption  of  limestone  per  100  cwt.  ore. .  cwt. . 


3.  CUPBLLATION. 


Thi 


hirl^-inch    soft  split-wood  per  100  cwt.  silver- 
lead klaiter... 

4.  EXPENSES  OF  PRODUCTION.  .% 

A  mint-pound  of  silTcr ^ 

Without  consideration  of  the  special  and  general 

cost  of  extraction 

With  consideration  of  the  special  and  general  costs 

of  extraction 


5.  BUMMART  OF  METALLIC  LOSS. 

Per  100  mint-pounds  of  the  silver  contained  in  the 

ore mint-ponnds. . 

Per  100  cwt.  of  lead  contained  in  ore cwt. . . 

Amount  of  lead-matte  remaining cwt . . 


1869. 


35.  .12 


83.52 
4.34 

26.03 

].35 
4.62 

19.85 

2.85 


54.64 
6.63 

1&73 

2.36 
16.87 

16.30 
3.09 


1870. 


34.04 


86.05 
17.58 

21.25 

4.34 
3.20 

7.00 

5.94 


2.48 

6  fls. 
46.68 


2.612 
24.78 
96.15 


62.01 
2.96 

18.05 

0.66 
17.73 

2.44 

6.60 


2:76 

6  fla. 

75.12 

7  fls.,  80  kr. 


3.392 
24.86 
83.  m 


1871. 


len. 


2Si44 


n.18 


99.37 
3.91 

26.58 

1.04 

4.18 

I 

7.98  I 

9.33  ' 

1.73  ' 

81.68 


71.24 
ll.3i 

96lS 

416 
197 

lau 

13.65 
3.61 


83.99 


17.48 

12.63 
9.  TO 


2.55 

6  fls. 

20.09 

8  fls.,  44  kr. 


1.274 
21.61 
56.00 


3.« 


7fis.,96  kr. 


aN=3 

17.  .10 
541 


It  mnst  be  remembered  here  that  the  decrease  in  the  loss  of  metal  in 
1872  is  still  more  favorable,  as  the  amoant  of  lead-matte  on  hand  is 
only  641  cwt.,  whereas  in  1871  the  same  amounted  to  5,600  cwt. ;  the  year 
1872,  therefore,  shows  a  decrease  of  5,059  cwt.  The  charcoal,  in  com- 
parison with  that  of  former  years,  was  of  poor  quality,  in  consequence 
of  the  bad  quality  of  wood  used,  it  being  that  which  had  been  broken 
down  during  the  storms  of  1808  and  1870,  and  consisting  principally  of 
the  top  branches  of  the  trees;  while,  on  the  other  hand,  coke  stood  at  an 
uncommon  high  price;  and,  further,  because  the  rapid  increase  in  the 
price  of  almost  all  material,  as  well  as  wages,  produced  an  important 
diflference  in  the  cost  of  extraction. 
377.  There  are  at  present  employed  at  the  Pribram  Smelting- Works- 
Four  stalls  and  two  shaft-furnaces  for  roasting  matte. 
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Four  single-hearthed  reverberatory  roasting-faroaces,  14.5  meters 
long  and  2.35  wide,  with  seven  w^orking-doors  ou  each  side.  The  ca- 
pacity is  4,032  kilograms  in  twenty-foar  hours.  A  charge  of  1,000  kilo- 
grams is  drawn  every  six  hours.  The  roasted  ore  contains  3  per  cent, 
sulphur.  The  fumes  and  gases  are  conducted  through  a  false  hearth  in 
the  upper  part  of  the  furnace,  and  from  thence  through  a  condensing- 
canal,  300  meters  long,  which  ends  in  a  chimney  24.648  meters  high. 
Ore  is  dried  by  placing  it  on  the  top  of  the  furnace  before  it  is  charged. 

One  three-tuyered  shaft-furnace,  7.6  meters  high  and  0.4  meter  square 
at  the  tuyeres. 

Three  two-tnyered  shaft-furnaces,  7.6  meters  high  by  the  tuyeres,  0.3 
meter  wide,  and  0.4  meter  deep. 

One  seven-tuyered  shaft-furnace,  with  cast-iron  water-cooling  boxes, 
(Pilz,  built  in  1871,)  8.2  meters  high  and  1.6  meters  wide  at  the  tuyeres. 
The  shaft  widens  above  the  tuyeres  and  narrows  at  the  top.  It  is  2 
meters  wide  at  the  month.  The  ore  is  charged  by  means  of  a  mechan- 
ical hopper.  This  furnace  gave  such  good  results,  that  a  second  one 
was  commenced  in  1872  on  the  same  plan,  with  the  addition  of  an  air- 
heating  apparatus  and  one  one-tuyered  low  shaft-furnace  for  reducing 
poor  and  rich  litharge. 

Eour  German  cupellation-fnrnaces;  each  will  contain  6,720  kilograms 
lead*  These  furnaces  are  built  in  a  square,  and  the  silver-lead  taken  to 
them,  and  the  products  from  cupelling  are  removed  by  hand-cars,  which 
ran  on  the  rails  surrounding  the  furnace.  The  silver  lead  is  cupelled 
without  previous  concentration.  It  contains  0.5  per  cent  =145  oz.  16 
dwt.  silver. 

One  new  rectangular  cupellation -furnace,  which  has  already  been 
described. 

One  small  cupelling- furnace,  with  movable^hood,  for  refining  the  silver 
from  large  cupellation-furnace.  The  silver  charged  is  about  y%^  fine  ^ 
this  is  refined  to  jVoV 

A  Pattinson  battery  of  two  kettles,  which  are  used  to  desilverize  the 
rich  litharge.  In  addition  to  these,  there  are  the  necessary  crushiog- 
mills,  engines,  &c. 

378.  The  Pribram  Smelting- Works  produced  in  1871— 

Kilograms. 

liead 500, 976 

Liitharge 1, 627, 864 

Silver 1, 822^  688 

379.  The  smelting- works  at  Kscheutzischer  Zecheand  Mies  exhibited 
a  few  samples  of  ores  and  products.  Uhoti  were  from  the  former. 
X^lendic  galena-ores  are  roasted  in  a  long  reverberatory  furnace ;  the 
exhibited  specimens  contained  numerous  pieces  of  undecomposed  galena 
and  blende,  silver-lead,  silver,  and  litharge.  From  the  latter  were  lead- 
ores,  roasted  ores,  and  silver-lead. 

The  richest  ores  from  the  miniog-districts  where  Kscheutzischer- 
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Zeche  and  the  Mies  smeltin^-works  are  situated  are  sent  to  Germany 
for  reduction. 

380.  Tyrol. — The  Copper  and  Zinc  Smelting- Works  of  Brixlegg  ex- 
hibited a  plan  of  the  partly  erected  reduction- works  and  samples  of  their 
ores,  among  which  the  following  were  noteworthy :  Copper  p^TiteSjftom 
Schwarz,  carrying  13  per  cent,  copper  j  bournonite,  from  Schwarz,  with 
10  per  cent,  copper  and  0.13  per  cent.  =  37  oz.  16  dwt.  19  gr,  silver. 
Tetrahedrite,  from  Madersbacher  Kopfel,  with  6  per  cent,  copper  and 
0.2  per  cent.  =  56  oz.  6  gr.  silver.  In  addition  to  these  there  were  raw 
matte,  concentrated  matte,  rosette-copper,  from  Brixlegg  and  Jochberg, 
sheet-copper,  copper-kettles,  and  tuyeres,  and  a  piece  of  impure  siiyer, 
which  crystallized  upon  being  allowed  to  cool  on  the  gryBtntii HtBg-hearth. 
The  crystals  were  imperfect  octahedrons.  The  half  which  was  visible 
was  about  one-fifth  of  an  inch  in  diameter.  In  addition  to  these  was  a 
X)yramid  about  25  feet  high,  5  feet  diameter  at  the  bottom,  and  2  feet 
at  the  top.  It  was  made  of  wood,  upon  which  were  fastened,  by  means 
of  paste,  the  different  ores  treated.  On  the  apex  was  placed  a  piece  of 
rose-copper. 

381.  A  model  of  the  newly-erected  round  six-tuyered  shaft-fumaoe 
was  also  exhibited.  The  smelting-zone  is  surrounded  with  iron  water- 
cooling  boxes.  This  is  a  crucible-furnace  with  a  charging-hopper,  cast- 
iron  slag-spout  and  tap-pots.  A  system  of  condensation-chambers  are 
constructed  under  the  floor  of  the  works.  The  dimensions  of  this  far- 
nace  are,  6.3  meters  high,  1.5  meters  wide  at  top,  1.2  meters  in  smelting- 
zone.  Its  capacity  is  300  centner =16,800  kilograms  in  twenty-foor 
hours. 

382.  These  works  were  first  erected  in  1450,  and  were  organized  and 
entirely  rebuilt  in  1870  by  the  government  as  a  central  smeltlng-works 
for  the  copper,  silver,  and  zinc  ores  extracted  from  the  government 
mines  in  the  Tyrol  and  Salzburg,  and  ores  bought  from  private  parties. 
With  this  object  in  view  there  have  already  been  erected  one  single- 
hearthed  reverberatory  roasting-furnace,  18  meters  long  and  4  meters 
wide;  one  shaft-furnace;  one  reverberatory  furnace,  for  concentrating 
copper-matte ;  one  large  copper-reflning  furnace,  with  a  Siemens  gas- 
producer;  one  cupelling-furnace ;  one  low-shaft  furnace,  for  smelting 
matte  for  black  copper ;  a  small  copper-reflning  hearth ;  two  copper- 
hammers;  and  a  copper-rolling  mill.  At  present  there  are  three  zinc 
muf^e-furnaces,  but  it  is  proposed  to  build  two  shaft  roasting,  four  Gers- 
tenhofer^  and  eight  mufle- furnaces,  viz,  three  with  eighty  muffles  and 
Ave  with  136  muffles  each,  all  to  be  heated  with  Boetin's  gas-gen- 
erators ;  also,  a  sheet-zinc-rolling  mill  and  a  sulphuric-acid  manufactory'- 

383.  The  ores  treated  at  these  works  have  a  varied  composition;  their 
contents  of  copper,  silver,  lead,  and  zinc  may  be  seen  in  the  following 
table,  taken  from  The  Berg-  und  HUttenmannische Zeitungj  1873,  p.  W: 
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Copper. 

Silver. 

Lead. 

Zlno. 

SchWATS 

Percent. 
5-10 

3-25 
5-16 

1-5 

Sr-20 

1-14 

0. 080  to  0. 10  per  cent.  —  83  oz. 
6  dwt.  to  29  oz. 

Percent 

Percent. 

KitzbUchel 

BrixleiTfi: 

0. 11  to  0. 26  per  cent.  =  31  oz. 
20  dwt.  to  84  oz.  10  dwt. 

30-33 

Abm 

Klaasoer  mines,  pnre  pyrites 

Copper-ores  oontftiuing  silver 

0. 005  to  0. 07  per  cent.       1  oz. 

9  dwt.  to  20  oz.  8  dwt. 
0. 005  to  0. 13  per  cent  —  1  oz. 

9  dwt.  to  37  oz.  16  dwt. 

Lead-ores 

4-63 

Blende  from  Schneebers 

40-63 

••••■••■ 

Ores  from  Madersbacher  Kopfel  contain  a  small  amonnt  of  nickel  and 
cobalt.  In  addition  to  these,  raw  matte  from  Kitzhicbel,  containing  24 
per  cent,  copper,  is  treated. 

384.  Processes. — Formerly  the  ores  from  the  mines  owned  by  the  gov- 
ernment and  metallurgical  products  from  Klausen  and  Kitzhichel  were 
treated  according  to  the  complicated  Brixlegg-abdarr  process,  (a  process 
of  liquation.)  In  1872  the  smelting  process  was  simplified,  and  consists 
at  present  of  two  separate  treatments,  the  copper-process  and  the  lead- 
process. 

385.  In  the  copper  process  roasted  copper  ores*  are  mixed  with  un- 
roasted  ores  (both  being  free  from  lead  and  silver)  and  necessary  fluxes, 
and  smelted  in  a  shaft-furnace  for  raw  matte.  This  is  roasted  and  con- 
centrated in  a  reverberatory  furnace.  The  concentrated  matte  is  roasted, 
and  then  either  refined  in  a  copper-refining  furnace,  whereby  block- 
copper  results,  or  smelted  in  a  low  shaft-furnace  for  black  copper,  which 
is  refined  in  a  small  refining-hearth,  whereby  rosette-copper  is  produced. 

386.  The  lead-process  consists  in  mixing  the  copper-ores  containing 
silver  with  gold-ores  and  slimes  from  Lend  and  Bockstein,  and  roasted 
argentiferous  galena.  These  are  smelted  in  a  shaft-furnace,  the  prod- 
ucts of  which  are  speiss,  matte,  and  silver-lead.  The  silver-lead,  con- 
taining a  small  amount  of  gold,  is  cupelled.  The  raw  speiss  is  partly 
roasted  and  then  concentrated.  The  matte  is  roasted  and  smelted  a 
second  time  in  a  shaft-furnace,  with  roasted  lead-ores  or  oxidized  lead- 
products.  The  silver-lead  from  this  operation,  containing  all  the  gold 
which  was  in  the  matte,  is  cupelled ;  the  concentrated  matte  is  roasted 
and  smelted  in  a  shaft  for  argentiferous  black  copper.  The  silver  is 
extracted  from  this  by  means  of  sulphuric  acid. 

387.  The  zinc  and  copper  produced  at  these  works  are  partly  manu- 
factured into  sheet-zinc,  sheet-copper,  copper-kettles,  tuyeres,  &c.  The 
Brixlegg  Smelting- Works  produced  annually,  copper,  280,000  kilograms; 
copper  articles,  kettles,  &c.,  33,600  kilograms;  sheet-copper,  67,200  kilo- 
grams; silver,  700  kilograms;  gold,  10  kilograms;  also,  a  small  quantity 
of  litharge  and  speiss.  It  is  estimated  that  upon  completion  of  the  zinc- 
furnaces  and  the  sulphuric-acid  manufactory,  the  annual  production  of 

*  Fide  **Aua8teUung  des  K  K  ackerbauminiateiHunu,^  Wlen,  1873,  p.  79. 
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these  two  articles  will  be,  zinc  and  sbeet-zinc,  2,800,000  kilograms ;  sel- 
pbnric  acid,  1,120,000  kilograms;  and  the  value  of  tbe  total  prodoction 
will  be  920,f;00  florins  =  $368,000  gold. 

388.  Tbe  Smelting- Works  of  Jochberg  exhibited  a  few  samples  of  cop- 
per-matte, witb  22  to  24  per  cent,  copper  and  slag.  Tbe  copper-ores  are 
copper  pyrites ;  the  gangue  is  chiefly  slate  and  qaartz.  They  average 
13.5  per  cent,  copper.  These  works*  prodnced  formerly  rosette-copper, 
but  their  operations  are  now  confined  to  the  production  of  raw  matte, 
which  is  sent  to  Brixlegg  for  further  treatment.  The  new  roand  shaft- 
furnace  at  the  Jochberg  works  has  seven  tuyeres,  and  is  6.3  meim 
high  and  1.3  meters  wide  in  the  crucible.  The  copper  from  tbe  Jochberj: 
ores  is  of  a  superior  quality,  comparing  favorably  with  the  best  coppei 
of  Bnssia  and  Sweden. 

389.  The  Copper- Works  of  the  Mitterberger  Gewerkschaft  of  Muhl- 
bach,  in  Salzburg,  were  represented  by  a  small  display  of  ores,  copper- 
matte,  and  black  and  refined  copper.  Tbe  ore  is  composedf  chiefly  of 
copper  pyrites;  the  gangue  is  of  a  quartzose  and  spathic  nature.  An 
analysis  made  from  an  average  sample  was  as  follows:  Cu.  =  11.5  per 
cent. ;  S.  =  16.1 ;  Fe.  =  27.1 ;  Si  O2  =  22.2.  Small  quantities  of  alumina- 
calcite,  and  magnesia. 

390.  The  smelting  process  is  simple.  The  ore  is  roasted  in  heaps  and 
smelted  in  shaft-furnaces,  with  about  10  per  cent  slag,  from  the  blaci 
copper  smelting,  25  per  cent,  slag,  from  the  matte-smelting,  and  20  per 
cent,  of  roasted  copper-matte.  The  resulting  copper-matte  contains 
about  25  per  cent,  copper,  and  is  run  from  the  furnace  into  water, 
whereby  it  is  granulated.  The  granulated  matte  is  roasted  and  smelted 
in  a  low-shaft  furnace  (to  avoid  a  reduction  of  iron)  with  qaartz,  an^ 
slag  from  the  ore-smelting.  The  concentrated  copper-matte  contain^ 
about  50  per  cent,  copper.  It  is  crushed,  roasted  in  reverberatory  for- 
naces,  and  again  smelted  in  a  low-blast  furnace  with  quartz  and  slag 
from  the  ore-smelting.  The  result  of  this  smelting  is  black  <*opper, 
which  is  refined  in  a  copper-refining  hearth.  The  product  is  rosette- 
copper.  The  sweepings  are  smelted,  and  form  an  inferior  quality  ot* 
copper.    The  nickel-sweepings  are  granulated  and  sold. 

391.  The  increased  production  of  ores  caused  the  works  to  increase 
the  facilities  for  their  reduction.  The  improvements  consist  in  a  round 
shaft-furnace  and  a  large  refining-furnace,  which  have  taken  the  place 
of  low-blast  furnaces  and  small  refining-hearths.  The  description  oi 
the  round  furnace  and  the  comparison  of  the  new  and  old  shaft  fur- 
naces, are  from  the  Oesterreichkche  Zeitschrift  far  Berg  und  Hutien 
weaeuj  1871,  No.  22.  The  communication  is  by  Herrn  Superintendent 
A.  Khuen.  The  furnace  is  round,  widened  toward  the  top,  has  five 
wrought-iron  water  tuyeres,  and  has  the  following  dimensions :  height 

from  bottom  of  furnace  to  gas  canal,  14  feet  6  inches ;  from  bottom  of  far 

"  '     '   " '         I        '  -  '  ■  .  I-  -     II     — 

"  Vide  ^^Ansstellung  des  K  K  ackerbaumtnisteriuwu,^'  Wien,  1873,  p.  89. 
f  Vide  •*  Berg-  und  Huitenmannische  Zeitungj"  1871,  p.  285. 
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nace  to  tuyeres,  3  feet  6  inches;  from  the  tuyeres  to  the  suppor ting-ring, 
3  feet  9  inches;  from  the  supporting-ring  to  gas-canal,  7  feet  3  inches; 
height  of  charging-hopper,  3  feet  10  inches;  diameter  at  tuyeres,  3  feet ;  at 
the  mouth,  4  feet ;  height  of  tuyeres  above  the  slag-spout,  11  inches.  The 
tuyeres  have  an  opening  of  2^  inches  in  diameter,  and  are  inclined  1  inch. 
About  700  to  800  cubic  feet  of  air  is  consumed  per  minute  by  the  pres- 
sure of  j^3  to  ^^  inch  quicksilver-column.  The  wall  of  the  smelting-zone, 
about  the  tuyeres,  is  cooled  by  means  of  cast-iron  pipes  through  which 
water  is  made  to  circulate.  Underneath  the  tuyeres  are  cast-iron 
troughs,  into  which  the  water  runs  from  the  pipes  placed  above.  The 
upper  shaft  is  supported  by  an  iron  ring,  which  r^sts  upon  three  iron 
pillars.  This  part  of  the  shaft  is  formed  of  sheet-iron  lined  with  fire- 
brick; it  is  harrow  at  the  bottom,  but  widens  at  the  tbp.  A  chimney 
is  built  over  the  furnace  to  catch  the  sulphureted  and  arseniureted 
hydrogen,  which  escapes  from  the  ore  in  the  charging-hopper.  The 
furnace-gas  escapes  by  a  canal  attached  to  the  side  of  the  furnace.  In 
the  bottom  of  the  canal,  near  the  furnace,  is  a  funnel,  which  catches  the 
small  ore- particles,  which  are  carried  off  by  the  draught  when  finely- 
crushed  ore  is  smelted.  The  gas-canal  falls  at  an  angle  of  45^,  and 
l^ads  to  condensing-chatOibers.  The  three  tuyeres  are  directed  toward 
the  center  of  the  furnace.  The  blasts  from  the  two  front  tuyeres  cross 
each  other  3  inches  in  front  of  the  center  of  the  furnace.  The  object  of 
this  is  to  keep  the  slag-opening  clear  and  to  utilize  all  of  the  blast. 

A  smelting  of  similar  charges  in  the  round  and  low  shaft  furnaces 
produced  in  the  firstfmatte  was  1  to  1.5  per  cent,  poorer  in  copper,  §^ 
to  I  per  oont  in  ipon,  and  2  to  3  per  cent,  richer  in  iron  than  in  the  lat- 
ter. The  slag  from  the  round  furnace  was  1  per  cent,  poorer  in  iron  and 
3  per  cent,  richer  in  silicic  acid  than  in  the  low  shaft-furnace.  The  slag 
fl:om  both  contained  1  per  cent,  copper.  In  spite  of  tbe  greater  contents 
of  the  matte  in  iron,  which  is  eliminated  in  the  following  concentration, 
the  advantages  of  the  new  furnace  are  very  great,  as  will  be  seen  by 
the  following  comparison  :  The  capacity  of  the  round  furnace  is  greater 
than  that  of  three  low-blast  furnaces,  with  almost  32  per  cent,  saving  in 
fuel.  A  large  proportion  of  the  ore  (55  per  cent.)  is  slime,  which  causes 
a  large  volatilization  and  irregularities  in  the  working  of  the  furnace. 
If  the  slimes  are  agglutinated  with  milk  of  lime,  the  costs  and  charge 
are  increased,  and  the  contents  of  the  matte  in  iron  is  greater.  This 
inconvenience,  it  is  hoped,  will  be  avoided  by  producing  a  smaller 
amount  of  slime  in  the  dressing-works,  and  by  smelting  with  coke  in- 
stead of  charcoal. 

392.  There  is  smelted  in  the  round  furnace  in  twenty-four  hours  a 
charge  of  322  centner,*  with  a  consumption  of  42.2  sacks  (one  sack 
c=  20  cubic  feet)  charcoal.  The  products  are  120  centner  matte  and  61 
centner  fumes;  or,  calculating  after  deducting  the  fumes  from  100 
centner  ore,  which  is  smelted  in  10.2  hours  with  18.8  sacks  charcoal, 
the  products  are  51.3  centner  matte  and  29.9  centner  fumes. 

'  *  One  centner  =  110  poandF. 
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One  handred  centner  ore  are  smelted  in  the  low  shaft-fnrnaoe  in 
thirty-foar  hours  with  27.5  sacks  of  charcoal,  prodacing  50  ceDtoer 
matte  and  2  of  fames.  The  saving  is,  therefore,  in  the  round  fumaceper 
100  centner  28.8  hours'  time  and  8.7  sacks  of  charcoal. 

393.  Gabinthia. — ^The ''  Bleiberger  Bergswerks-Union,"  the  most  im- 
portant lead  mining  and  smelting  corporation  in  Garinthia,  is  located  at 
Klagenfurt  It  was  represented  by  an  interesting  display  of  statistid 
charts,  maps  of  the  mining-district,  ores,  and  products.  The  prodocti 
were  '^  riihr^  and  '<  press"  lead,  also  the  following  articles  from  the  man 
ufactories  owned  by  this  company : 

A  coil  of  lead  wire  and  several  samples  of  lead  pipe.  One  piece  of  lead 
pipe  was  coiled  so  as  to  resemble  a  pyramid.  It  was  371.61  meten 
long,  10.97  millimeters  thick,  outside  measurement,  and  weighed  35S.^ 
kilograms.    One  piece  was  plated  with  tin,  both  inside  and  out 

A  collection  of  pipes  ranging  from  6.57  millimeters  to  0.126  meter 
thick,  outside  measurement.  Those  under  32.5  millimeters  thick  were 
plated  on  the  outside  with  tin. 

Samples  of  sheet-lead  from  0.548  millimeter  to  8.776  millimeters  thid 
One  large  piece  of  sheet-lead,  24.65  meters  long,  1.896  meters  wide,  2.191 
millimeters  thick,  weighed  1,372  kilograms. 

In  addition  to  these  there  were  several  qualities  of  red  lead,  massicot 
litharge,  and  lead-ashes. 

394.  The  Bleiberger  Bergwerks-Union  own  lead-mines  near  Bleiber; 
and  Miss,  in  Lower  Gariuthia ;  reduction- works  in  Bleiberg,  near  Vil- 
lach,  in  Miss,  and  three  factories  in  Yillach,  viz,  one  for  shot,  one  for 
litharge  and  red  lead,  and  one  for  pipes,  sheet-lead,  lead-foil,  &e. 

Twenty-seven  furnaces  are  in  operation  at  their  reduction-works, 
twenty-five  of  which  are  reverberatory  furnaces  used  in  the  redactioa 
of  ore,  and  two  "  Rossie's  ^  shaft-furnaces,  in  which  the  residue  is  treatwl. 
Wood  serves  as  fuel  in  the  first,  and  charcoal  in  the  second.  The  loss 
amounts  to  6.5  per  cent,  of  the  lead  contained  in  the  ore ;  part  of  thi> 
remains  in  the  residue  and  is  finally  extracted.    Beal  loss,  2.56  per  cent 

The  galena  is  free  from  silver,  and  occurs  in  veins,  beds,  and  iiregQl^' 
deposits  in  limestone.  It  is  accompanied,  chiefly,  by  blende,  calamiQe^ 
cerusite,  calcite,  and  barytes. 

395.  The  lead  from  Bleiberg  is  celebrated  for  its  purity,  and  isknowD 
as  "  Villach  lead."  Its  purity  is  owing  to  the  absence  of  large  qaan^* 
ties  of  injurious  foreign  substances  in  the  ore,  and  to  the  peculiar redue- 
tion  process  which  it  undergoes  in  small  reverberatory  furnaces.  **^^'' 
lach  lead  ^  contains,  according  to  Streng,  the  following  amoant  ot 
impurities : 

Antimony O.02<5 

Zinc • O.004 

Iron 0.004 

C op  per Tra^ 
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The  riihr  lead  is  used  in  the  manufactare  of  the  different  oxides  of 
lead,  the  press  lead  in  the  manufacture  of  shot. 

396.  The  main  object  in  the  Garinthian  process  is  to  obtain  pure  lead 
and  to  extract  from  the  ore  the  greatest  amonut  possible  in  the  rever- 
beratory  furnace.  To  do  this  the  furnace  is  made  small,  in  order  that 
the  temperature  may  be  kept  under  good  control ;  the  charge  is  there- 
fore necessarily  small ;  the  roasting  is  conducted  slowly  at  a  low  tem- 
perature, and,  to  avoid  the  reduction  of  copper  and  antimony,  the  reac- 
tion temperature  is  kept  as  low  as  possible.  The  disadvantages  of  this 
method,  which  are  to  be  considered  and  compared  to  the  advantages, 
are  the  attendant  increased  cost  of  fuel,  (6.63  centimeters  wood  to  100 
lead  is  consumed,)  labor,  and  the  small  quantity  of  lead  produced  in  a 
certain  time.  A  Garinthian  furnace  costs  about  $120  gold.  Double  and 
triple  hearth  furnaces  have  been  tried,  but  it  was  found  that  they  were 
not  suitable  for  this  process.  It  was  desired  to  roast  in  the  upper  and 
reduce  in  the  lower,  but  this  was  impossible,  on  ac(5ount  of  the  different 
durations  of  these  periods.  Furthermore,  the  temperature  was  difficult 
to  regulate,  and  the  expenses  of  repairing  were  large. 

The  furnace  is  3.27  meters  long  and  1.53  meters  wide.  The  hearth  is 
inclined  toward  the  front,  at  an  angle  of  9^^.  The  lead  flows  out  of  the 
farnace  as  fast  as  it  is  reduced.  The  hearth  is  contracted  toward  the 
front  to  a  vertical  section,  presenting  the  appearance  of  a  bottle.  The 
fire-place  is  built  in  the  side  of  the  furnace,  so  that  the  flames  enter 
the  hearth  at  the  back  end  of  the  right  side ;  they  are  then  drawn 
toward  the  front  of  the  furnace  and  enter  the  chimney,  which  is  0.47 
meter  in  diameter  and  6.3  meters  high.  As  wood  is  used  as  fuel,  it  is 
found  desirable  to  allow  tho  "^mall  amount  of  air  necessary  for  oxidiza- 
tion to  enter  with  the  flames. 

397.  The  following  short  description  of  the  Garinthian  process  is  prin- 
cipally from  Percy,  Eammelsberg,  Metallurgie  des  BleieSy  p.  181,  1873 : 

When  the  hearth  has  been  heated  to  a  dark-red  heat,  168  to  196.5  kil- 
ograms ore,  containing  from  67  to  75  per  cent,  lead,  is  thrown  in  through 
the  working-door  and  spread  over  the  hearth.  The  roasting  is  con- 
ducted slowly  and  carefully,  so  that  the  charge  neither  grows  pasty  nor 
adheres  to  the  working-implements.  The  ore  is  worked  every  twenty 
minutes  for  about  three  hours,  when  the  desired  quantity  of  oxide  and 
sulphate  of  lead  will  have  formed. 

The  temperature  is  now  raised,  in  order  to  cause  the  oxidized  particles 
to  react  on  the  sulphMorof  lead.  The  mass  is  continually  worked.  Lead 
flows  from  the  hearth  into  a  cast-iron  pot,  which  is  placed  in  front  of  the 
working-door.  This  period  lasts  from  three  and  a  half  to  four  hours,  and 
IS  called  '^  bUirilhren.^  The  lead  produced  in  this  period,  which  is  the 
purest,  was  formerly  termed  ^^  jungfernhlei,^  (virgin  lead,)  and  was  sold 
ais  it  flowed  from  the  furnace  without  undergoing  any  further  treatment. 
[t  is  now  called  "  r«Ar6?d,"  and  is  freed  from  impurities  by  liquation 
before  it  is  sold.    The  amount  of  riihrblei  produced  is  56  to  73  kilograms. 


170  VIENNA   INTERNATIONAL   EXHIBITION,    1873. 

The  next,  or  third  period,  is  called  <'  hleipressen.^  The  qaantity  of  the 
residae,  in  proportion  to  the  size  of  the  hearth,  is  so  small,  that,  in  order 
to  effect  a  saving  of  fuel,  the  residaes  from  two  charges  are  worked 
together.  If  a  secoad  residae  is  ready  it  is  thrown  in  with  the  one 
already  in  the  farnace.  Coal-dnst  is  spread  over  the  mass,  and  while 
the  temperature  is  raised  the  coal-dust  and  residue  are  well  stirred. 
This  period  lasts  seven  to  eight  hours,  during  which  67.3  to  101  kilo- 
grams lead  is  produced. 

From  twenfy-one  to  twenty  three  hours  are  necessary  to  treat  336.8 
kilograms  ore.  The  lead-product  is  207.7  to  213.3  kilograms  =95  per 
cent,  of  the  lead  contained  in  the  ore.  The  residue  from  the  last  opera- 
tion, or  dross,  is  50.5  to  56  kilograms.  It  contains  3  per  cent.,  ofben 
0  per  cent.  lead.  This  is  crushed  and  dressed  nntil  the  lead  is  concen- 
trated to  50  to  60  per  cent.,  when  it  is  either  charged  with  the  ore  or 
submitted  to  the  third  operation,  '^  pressen."  In  the  latter  case  JmUz 
(dross)  lead  is  produced.  As  the  lead  flows  slowly  from  the  hearth  it 
becomes  mechanically  impure ;  it  is  therefore  returned  to  the  farnace 
and  freed  from  these  impurities  by  liquation. 

398.  Production  of  the  '*  Bleiberger  Bergwerks  Union  "  averages — 

Lead. 

Bleiberg  Smelting-Works 1, 680, 000  kilograms. 

Miss  Smelting-Works 196, 000  kilograms. 

One-sixth  of  this  is  extracted  from  poor  stamped  ore,  three-sixths  from 
jigged  ore,  and  two-sixths  from  lump  ore.  The  zinc-ores  are  sent  to  the 
ziuc-reductipn  works  at  Sagor,  Ivenec,  in  Croatia,  and  Johaannisthal  in 
Kraiu. 

The  red-lead  and  litharge  manufactory  employs  eighteen  workingmen 
and  two  superintendents.  It  treats  yearly  about  616,000  kilograms 
lead,  and  produces  617,200  kilograms  red  lead  and  litharge,  valued  at 
200,000  florins. 

The  shot  manufactory  employs  fonr  men  and  one  master.  It  produces 
yearly  about  403,200  kilograms  shot,  valued  at  130,000  florins. 

The  sheet  lead  and  pipe  manufactory  employs  nineteen  workmen.  It 
treats  yearly  about  380,800  kilograms,  and  produces  yearly  about  352,800 
kilograms  of  manufactured  lead  articles. 

399.  The  following  smaller  Carinthian  smelting-works  were  repre- 
sented :  Gustav  v.  Egger  exhibited  samples  of  commercial  lead  from  his 
works  near  Paternion  in  Upper  Garinthia.  The  ore,  galena,  is  associated 
with  calcit  and  blende.  The  reduction-process  is  similar  to  the  Bleiberg 
process.  These  works  produce  yearly  from  7,616  to  30,464  kilograms 
lead.  It  is  expected  that  the  reduction  will  greatly  increase  in  the 
next  few  years. 

400.  J.  Bainer,  of  Klagenfurt,  exhibited  geological  charts,  samples  of 
ores,  ^^tropf^  and  ^^stab^  lead  from  the  smelting-works  at  Bleiberg 
and  Schaffler.  In  addition  to  these  there  were  samples  of  the  following 
manufactured  articles :  shot,  lead  ashes,  litharge,  and  several  kinds  of 
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white  lead.  Herr  Eainer  owns  a  fourteen  twenty-fourth  interest  in  the 
"Bleiberg  und  Schmelzwerk  Bleiberg,"  in  Feistritz,  near  Bleiberg;  a 
two-thirds  interest  in  the  "Bleiberg  und  Schmelzwerk  Sehwarzenbach;'' 
a  three-eighths  interest  in  the  "Bleibergwerk  Kechberg"  and  Petzen  5 
a  one-eighth  interest  in  the  "  Bleiberg  und  Schmelzwerk,  Miss.''  The 
Bleiberg  Union  owns  the  other  seven-eighths.  He  owns,  in  addition  to  the 
above,  several  smaller  mines  and  reduction-works. 

401.  The  smelting  process  at  all  these  works  is  the  Garinthian  process. 
The  production  of  the  smelting-works  at  Miss  has  already  been  given. 
The  production  of  the  Bleiberger  Schmelzwerke,  founded  in  1851, 
averages  182,616  kilograms  lead.  The  Bleiberg  Schaffler  und  Qrafen- 
steiner  Alpe,  founded  in  1809,  averages  139,384  kilograms  of  lead. 

402.  "Ciprian  Struggl's  heirs,''  of  Raibl,  exhibited  geolographical 
maps  of  the  Eaibl  district,  samples  of  ores,  ^^ruhr^^  and  "press"  lead. 
The  ore  occurs  in  beds,  in  limestone,  associated  with  blende.  It  is  the 
mle  here  that  when  the  thickness  of  the  galena-deposit  decreases,  that 
of  the  blende  increases,  and  vice, versa. 

403.  Four  Garinthian  reverberatory  furnaces  are  used  for  the  reduc- 
tion of  the  ore ;  the  metallic  loss  is  8.6  per  cent,  of  the  lead  contained 
in  the  ore. 

The  following  analyses  show  the  amount  of  foreign  substances  con- 
tained in  the  Baibl  lead  : 

KUhr  lead.    Press  lead. 

Antimony : trace.  0. 102 

Copper faint  trace.  trace. 

Sulphur 0.118  0.382 

Iron trace.  trace. 

Lead 99.882  99.616 

The  production  of  these  works  averages  258,496  kilograms. 
The   government  works  at   Kaibl  have  six  Garinthian  furnaces  in 
operation,  and  produce  annually  338,520  kilograms  lead. 

404.  Franz  Puntschart  &  Sons,  of  Klagenfurt,  exhibited  several  sam- 
ples of  white  lead.  The  purity  of  the  Garinthian  lead,  together  with 
the  peculiar  process  employed  in  the  manufacturing  of  white  lead, 
(which  originates  in  the  Dutch  method,)  has  enabled  the  Garinthian 
manufacturers  to  produce  an  excellent  article,  which  is  greatly  sought 
for  and  exported  to  England,  France,  America,  Belgium,  Holland,  Rus- 
sia, Germany,  Italy,  and  the  oriental  countries.  The  yearly  production 
averages  168,000  kilograms. 

405.  The  white-lead  manufactory  of  this  firm  was  erected  in  the  year 
1800.  According  to  the  process*  then  in  vogue,  thin  sheet-lead  was 
rolled  up,  forming  a  spiral  pyramid ;  this  was  placed  in  clay  pots,  the 
necessary  amount  of  acetic  acid  added,  and,  in  order  to  secure  the  heat 
for  the  reaction,  the  pots  were  buried  in  horse-manure. 

*  The  data  concerning  this  firm  were  ohtained  from  the  "  Special  Katalog  der  Colleo. 
tiV'Au89tellung  tut  Pavilion  der  KdnUner^schen  Montan  IndusiriellenJ^    Klagenfart,  1873. 
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406.  This  method  was  greatly  improved,  about  the  year  1835,  by  the 
erection  of  lead-chambers.  In  these,  thin  sheet-lead  was  hang  for 
oxidization.  The  floor  of  the  lead-chambers  contained  nameroas  holes; 
under  each  hole  a  pot  containing  acetic  acid  (produced  from  raisins) 
was  placed,  and  the  acetic-acid  fumes  were  driven  into  the  lead-chambers 
by  a  simple  and  ingenious  contrivance.  The  acetic-acid  pots  under  each 
chamber  were  brought  into  communication  with  two  copper  kettles, 
under  which  fire  was  maintained  in  such  a  manner  that  the  cold  acetic 
acid  entered  the  copper  kettles  through  pipes  connecting  the  kettle  with 
the  lower  part  of  the  pots,  and  upon  being  heated  escaped  through 
pipes  from  the  top  of  the  kettle  into  the  pots  containing  the  cold  acetic 
acid.  The  latter  soon  became  heated,  and,  volatilizing,  entered  the 
lead-chambers.  By  this  process  it  is  possible  to  produce  greater  quan- 
tities of  white  lead,  which  are  perfectly  amorphous. 

407.  In  the  year  1872  the  manufactory  was  bought  by  Herr  Franz 
Puntschart,  who  immediately  made  important  improvements  on  the  old 
method.  These  consisted  in  the  introduction  of  purified  pyroligneoas 
acid,  which  is  cheaper  than  acetic  acid  and  produces  better  white  lead, 
and  in  the  discovery  that  white  lead  dried  by  air  is  better  than  that 
dried  by  artificial  heat.  To  effect  this  he  erected  extensive  air-drying 
chambers.    This  firm  produces  annually  672,000  kilograms  white  lead. 

408.  Franz  P.  Herbert  exhibited  also  several  samples  of  white  lead. 
He  owns  manufactories  in  Klagenfurt  and  Wolfsberg,  Garinthia,  and  in 
Lavis,  in  the  Southern  Tyrol. 

The  manufactory  in  Klagenfurt  was  founded  in  1760.  The  process  is 
the  same  as  that  of  Herr  Puntschart. 

409.  Styria. — The  Ludwigs  Kuschelischen  Hiitte,  near  Peggan,  was 
represented  by  lead-ores,  galena,  silver-lead,  enriched  and  commercial 
lead  and  silver. 

410.  The  ores  that  are  treated  at  the  Ludwig  Smelting- Works  are 
argentiferous  galena,  associated  with  blende,  iron  pyrites,  baryte,  and 
quartz.  The  blende  is  so  intimately  mixed  with  the  galena  that  it  is 
only  to  be  eliminated  by  dressing  to  8  per  cent.  The  smelting  is  con- 
ducted according  to  the  former  Harz  iron-reduction  process.  The  un- 
roasted  ore  (slime)  is  smelted  with  iron  tap-cinder  in  a  shaft-furnace  21 
feet  high. 

411.  The  silver-lead  contains  0.08  per  cent.  =  26  oz.  6  dwt.  12  gr.  sil- 
ver. It  is  desilverized  by  means  of  zinc.  For  this  purpose  there  is  a 
battery  of  three  kettles ;  the  two  outer  ones  for  desilverizing  the  lead, 
and  the  middle  one  for  liquating  the  lead  from  the  zinc-scum  and  for  the 
further  treatment  of  the  zinc-scum.  The  silver-lead  is  melted  in  the  two 
outside  kettles,  and,  after  the  removal  of  the  dross,  (abzng,)  zinc  is  added 
to  the  molten  liquid.ljfor  about  an  hour/;  the  temperature  is  then  de- 
creased till  the  zinc-scum  forms,  which  is  ladled  into  the  middle  kettle. 
The  bath  is  heated,  stirred,  and  cooled,  when  the  scum  formed  is  also 
ladled  into  the  middle  kettle.    Two  more  portions  of  zinc  are  now  added 
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and  the  former  manipulations  repeated.    The  total  consumption  of  zinc 
is  0.7  per  cent,  of  the  silver-lead  treated.    The  silver-lead  assays,  after 
the  removal  of  the  first  zinc-scum,  0.02  per  cent.  =  5  oz.  16  dwt.  14  gr. 
silver;  after  the  removal  of  the  second,  0.003  per  cent.  =  17  dwt.  11  gr. 
silver ;  and  after  the  removal  of  the  third,  0.0005  per  cent.  =  2  dwt.  21 
gr.  silver.  The  poor  lead  is  dezinckified  by  means  of  steam.  The  remain- 
ing lead  is  about  80  per  cent,  of  the  silver-lead  charged,  and  is  a  superior 
quality.    Analysis  made  for  zinc  and  iron  failed  to  discover  a  trace  of 
the  former,  and  the  latter  was  only  found  in  unweighable  quantities. 
This  report  failed  to  state  how  the  lead  from  liquated  zinc-scum,  as  well 
as  the  latter,  (zinkstaub,)  was  treated.    But  it  is  probable  that  the  former 
is  treated  with  a  second  and  third  zinc  charge,  and  the  latter  is  cupelled- 
This  conclusion  is  drawn  from  the  fact  that  the  works  have  no  distilling- 
apparatus  or  shaft-furnace  for  the  treatment  of  rich  oxides  should  such 
be  produced.    In  addition  to  the  desilverization -battery,  there  are  also  a 
shaft-furnace  and  one  cupelling-furnace  in  operation  at  these  works. 

412.  The  annual  production  is — 

Kilograms. 

Lead 288, 000 

Silver 2,240 

413.  Kbain. — ^The  <' LndwigsKuschelzink  Hiltte,"  of  Johannisthal, 
exhibited  zinc-ores  (calamine  and  blende)  and  different  grades  of  zinc. 
An  analysis,  accompanying  a  sample  of  zinc,  showed  the  amount  of 
impurities  contained  in  this  metal  to  be — 

Per  cent. 

Z  inc 99. 92 

Lead 0.02 

[ron , 0.06 


100.00 

The  sample  exhibited  showed  silver-white  cystal  surfaces.  Although 
his  is  unusually  pure  zinc,  it  is  probable  that  the  analysis  sent  to  the 
{exposition  was  not  an  average  analysis  of  the  best  grade  zinc.  I  give 
,n  analysis,  made  at  the  imperial  assay-office  in  Vienna,  of  the  Johan- 
isthal  zinc : 

Per  cent. 

;inc 99.404 

lead 0.  563 

'admium  0. 019 

Fan     0. 014 


100.  000 

4:14.  The  same  works  also  exhibited  a  model  of  '^Kuschel  and  Hinter. 
aber's  ^  rotary  roastiug-furnace,  and  blende  treated  therein  from  two 
>€tstmg  periods.    The  unroasted  ore  contains  55  per  cent,  zinc ;  the 
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balf-roasted  ore,  60.4  per  cent,  zinc ;  aud  the  dead-roasted  ore,  67.7  per 
eent.  zinc.  The  coaslructioQ  of  this  faroace  was  made  public  by  Herrn 
H.  Hinterhuber  in  1871.    I  reproduce  his  description : 

The  furnace  presents  the  appearance  of  a  German  cupellatioa-beaTth. 
Its  main  features  are  a  horizontal  revolving  hearth,  made  of  fire-clay, 
and  stationary  rakes.    The  rakes,  which  are  not  attacked  by  sulphur, 
&c.,  or  easily  destroyed  by  fire,  give  this  furnace  a  decided  advantage 
over  those  of  Parkes,  Brunton,  and  Gibb  aud  Gelstharp.    The  hearth 
consists  of  an  iron  shell,  in  which  is  carefully  stampHd  a  luisLture  of 
unburnt  fire-clay  and  dust  of  fire-bricks,  (chwrnoUe.)    It  is  12  feet  in 
diameter  and  revolvable.    Covering  the  hearth  is  a  strong  arch  12  inches 
thick ;  in  the  center  it  is  17  inches  above  the  hearth,  and  on  the  periph- 
ery, 7  inches.    Through  the  ceuter  of  the  arch  pass  10  hollow  three- 
cornered  teeth  of  fire-clay,  placed  in  a  row;  these ^ last  on  an  average 
two  and  one-half  months.    The  points  of  the  teeth  nearly  touch  the 
surface  of  the  hearth.    There  is  a  charging-funnel  over  these  teeth,  the 
charge  passing  through  the  teeth  or  rakes  on  to  the  hearth,  after  the 
plugs,  which  keep  them  closed,  have  been  withdrawn.   In  order  that  the 
resulting  roasted  product  should  be  of  a  uniform  nature,  it  is  of  im- 
portance that  the  surface  of  the  hearth  should  be  perfectly  even, 
and  that  the  teeth  of  the  rake   be  made  of  good  fire-proof  material 
which  will    not  shrink  or  become  distorted.    The  hearth-material  is 
covered  with  large  fire-bricks  well  joined  and  plastered.     The  points 
of  the  five  teeth  on  one  side  point  in  the  opposite  direction  firom  those 
on  the  other  side,  thus  effecting,  at  one  and  the  same  time,  a  raking 
and  a  turning  of  the  charge.    On  one  side  of  the  hearth  there  are  two 
ordinary  fire-places  or  gas-generators,  and  opposite  the  same,  on  the 
other  side,  thirteen  flues,  which  conduct  the  gases  of  combustion  into  a 
semicircular  collecting-chamber  common  to  them  all,  and  from  here  the 
gases  pass  off  into  a  chimney.    The  draught  is  regulated  by  apertures 
situated  in  the  outer  wall  of  the  collecting-chamber  corresponding  to 
the  flues,  which  may  be  opened  or  closed.    The  steam  is  conducted  into 
the  furnace  through  two  nozzles  situated  between  the  two  fire-places. 
Though  partially  contrary  to  former  experience  and  the  statements  of 
Plattner,  the  introduction  of  steam  into  the  furnace  has  proved  to  be 
very  effective  in  removing  sulphur  and  arsenic ;  and  also  in  operations 
of  calcination  for  the  removing  of  carbonic  acid.    It  also  opposes  the 
evolving  of  fumes  during  the  first  period  of  the  roasting  oi>eration.    At 
the  Johannisthaler  Zinkhiltte  the  roasting  products,  rich  in  sulphur, 
could  be  roasted  dead  in  from  1  to  2  hours  sooner,  when  steam  was 
employed,  than  when  the  operation  was  conducted  without  its  employ- 
ment.   The  amount  of  zinc  produced  was  also  2  per  cent,  greater. 
The  reason  why  Plattner  obtained  less  satisfactory  results  may  have 

been  the  fact  that  he  endeavored  to  decompose  the  metallic  sul- 
phides with  steam  by  exclusion  of  air.  The  roasting  charge  is 
allowed  to  fall  upon  the  hearth  of  the  sufficiently-heated  furnace  by 
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opening  the  hollow  rake-teeth.  At  first,  where  it  is  only  intended  to 
expel  the  hydroscopic  moistnre  of  the  charge,  the  draught  is  feeble  and 
regulated  by  the  openings  iu  the  collecting-chamber  for  the  gases,  in 
order  to  prevent  the  carrying  off  of  small  particles  of  ore.  The  hearth 
is  also  made  to  revolve  slowly.  If  the  charge  is  ver}'  moist,  the  raking- 
apparatns  is  raised  at  first  so  that  it  will  not  come  in  contact  with  the 
charge,  and  is  not  lowered  until  all  the  moisture  is  expelled  from  the 
ore.  Steam  is  employed  both  during  the  first  period  and  the  dead-roast, 
ing  period.  When  metallic  sulphides  are  being  treated,  it  not  only 
causes  a  more  complete  desnlphurization,  bat  also  diminished  the  time 
necessary  for  conducting  the  operation.  Steam  is  only  employed  during 
the  first  period  in  merely  heating  and  calcination  operations,  it  opposing 
the  carrying  off  of  small  particles  of  the  charge  by  the  draught  in  the 
furnace,  and  also  conducing  to  the  ejection  of  carbonic  acid.  After  the 
completion  of  the  operation  a  slide  discharging-apparatus  is  lowered 
down  upon  the  hearth  .through  a  radial  slit  in  the  furnace-arch,  which 
brushes  the  roasted  charge  through  four  apertures  situated  on  the  periph- 
ery on  the  hearth  into  a  space  under  the  furnace. 

415.  The  following  results  were  obtained  at  the  Johannisthaler  Zink- 
huttein  treating  zinc-blende,  containing  43  to  46  per  cent,  zinc  and  22  to 
25  per  cent,  sulphur,  in  the  mechanical  roasting-furnace,  (A,)  and  in  a 
Mansfeld  double-hearth  long  reverberatory  roasting-furnace,  (B  :) 


AiDoant  roasted  in  twenty-fonr  hours 

Time  necesftary  io  roasting,  per  charfse  . . . 
Prodaction  of  zinc  from  roapted  blende  — 
Consumption  of  coal  in  twenty-foor  boars 
Wages  lOT  twenty -four  hours  . ., 


91  to4Scwt 

18  toSS  hours... 
35  to  39  per  cent 

24.6cwt 

1.4  florins 


B. 


SO  to  34  cwt 
18  to  15  hours. 
33  to  36  per  pent. 
S4. 6  cwt. 
S.  5  florins. 


The  above  calculated  per  tea  of  raw  ore  roasted  would  be: 


Consumption  of  coal 

Wajses 

Increase  of  zinc  production 


A. 


58.6  to  117  pounds 
3. 3  to  6.  6  krentzers 
2  to  3  per  cent 


3. 


103  to  113  pounds. 
10. 4  to  13. 5  krs. 


The  fluctuation  in  the  amounts  roasted  within  the  same  time  is  caused 
by  the  varying  size  of  the  ore-grains.  By  proper  treatment  of  the  ore- 
charge,  42  cwt.  of  blende  can  be  roasted  on  an  average  in  twenty-four 
hours,  with  a  saving  of  43  per  cent,  iu  fuel  and  68  per  cent,  in  wages, 
as  compared  with  the  results  obtained  by  the  long  reverberatory  fur- 
nace. From  30  to  40  cwt.  of  crushed  or  washed  calamine  carrying  zinc- 
blende  were  treated  in  the  mechanical  roasting-furnace  in  twenty-four 
hours,  and  in  the  long  reverberatory  furnace  only  24  cwt. 

The  furnace  has  been  in  use  over  three  years  at  the  works  named. 
The  mechanical  furnaces  have  many  advantages  over  most  other  roast- 
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iDg-apparatus.  Tbe  most  important  are  saving  of  fuel  and  wages,  and 
the  maintenance  of  a  well-regulated  temperatare.  The  roasting  is  said 
to  be  very  good.  They  also  are  adapted  to  chloridizing  roasting.  The 
costs  of  repairs  were  not  obtained,  bat,  as  they  mast  be  large,  they 
should  not  be  omitted  when  this  class  of  furnace  is  taken  into  con- 
I  sideration. 

416.  These  zinc-works  at  Johannisthal  were  erected  in  1860.    Th^ 
{:                      received  the  greater  part  of  their  ores  at  first  from  Upper  Styria  and 

Northern  Garinthia,  but  the  mines  near  the  smelting-works  have  lately 
been  more  fully  developed,  and  although  ore  from  the  above  localities 
are  still  treated,  the  reduction-works  are  not  dependent  on  them.  There 
are  at  present  five  Mansfeld  reverberatory  roasting-furnaces  with  two 
hearths,  one  Kuschiel  and  Hinterhuber's  roasting-furnace,  ten  Belgian 
distillery-furnaces,  and  one  Silesian  furnace  with  a  gas-generator.  The 
annual  production  of  zinc  is  573,048  kilograms. 

417.  BuKOWiNA.— The  Copper- Works  of  Pozoritta  in  Bukowina,  be- 
longing to  the  ^^  Oriechisch-Orientalischen  Beligionsfond  in  der  Buk- 
owina,'' were  well  represented.  In  this  display  the  following  were  con- 
sidered noteworthy : 

A  statistical  map ;  a  black  line  denoted  the  quantity  of  copper  pro- 
duced in  different  years,  and  a  red  line  showed  the  amount  of  money 
received  for  the  above  copper.  This  made  a  comparison  of  the  price  of 
copper  in  the  different  years  with  the  quantity  produced. 

A  series  of  copper-ores  containing  from  3  to  16  per  cent,  copper  showed 
the  principal  mineral  to  be  copper  pyrites ;  the  gangue  is  quartzose.  A 
systematic  collection  of  metallurgical  productions  presented  an  interest- 
ing insight  into  the  copper  process. 

1.  Copper-matte  from  ore-smelting  contained  14  per  cent,  copper 
This  is  roasted  in  heaps  nine  or  ten  times  and  smelted  for  black  copper. 

2.  Slag,  from  smelting  of  ore  for  matte.  This  is  either  made  into 
building-stone  or  thrown  on  the  slag-dump. 

3.  Black  copper,  from  smelting  of  roasted  matte.    This  is  refined. 

4.  Slag,  from  smelting  of  matte  for  black  copper ;  contained  0.5  to  S 
per  cent,  copper.    It  is  smelted  with  roasted  ore. 

5.  Cakes  of  refined  copper;  contained  90  per  cent,  copper;  this  is 
again  refined  in  a  small  furnace. 

6.  Copper  sand,  produced  toward  the  end  of  the  refining  process. 

7.  Copper  ingots,  from  second  refining ;  they  are  made  into  kettles. 

8.  Copper  bars,  from  second  refining ;  they  are  articles  of  commerce. 

418.  There  are  at  Pozoritta  two  roasting-stalls,  three  shaft-furnaces, 
{two  for  ore  and  one  for  matte-smelting,)  two  refining-furnaces,  and  five 
copper-hammers.  As  the  copper-production  is  yearly  decreasing,  it  is 
proposed  to  change  one  of  the  ore  shaft-furnaces  into  an  iron-smelting 
furnace.  These  works  produced,  in  1871,  from  ores  and  old  copper, 
46,022  kilograms  copper. 

419.  HuNaABY. — A  very  interesting  exhibit  was  made  by  the  Boyal 
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nangariau  Mint  of  different  coins,  dies,  and  the  various  utensils  em- 
ployed in  coining. 

420.  There  was  also  a  new  process  of  extracting  silver  from  silver 
copper  alloys,  illustrated  by  specimens  of  the  products  occurring  in  the 
different  manipulations.  This  process  was  invented  and  carried  out  by 
the  mint  warden,  Herr  Johann  Cimeg.  It  consists  in  a  series  of  Imelt- 
ings  of  the  silver-copper  alloy,  in  crucibles'iHBftdM,  with  a  quantity  of 
salphur  sufficient  to  unite  with  a  certain  percentage  of  the  copper, 
whereby  copper,  having  a  greater  affinity  for  sulphur  than  for  silver, 
forms  a  matte,  having  a  smaller  proportion  of  the  silver  than  was  con- 
tained in  the  alloy.  While  the  silver  is,  by  degrees,  concentrated  in 
the  alloy,  the  copper-matte,  being  of  a  less  specific  gravity,  rises  to  the 
top  and  is  drawn  off.  The  silver-copper  alloy  remains  behind,  and  is 
resmelted  with  copper-matte,  or  with  an  alloy  and  sulphur.  The  exhib- 
ited specimens  illustrated  the  process,  and  were  taken  from  the  different 
meltings: 

Ko.  I.  Copper-matte,  assaying  11.1  per  cent,  and  silver-copper  alloy 
with  46.7  per  cent.,  from  melting  in  crucible  400  pounds*  six-kreutzer 
pieces  and  353  pounds  matte  assaying  14.2  per  cent.  Ag.  from  a  former 
operation.    Eesult,  308  pounds  matte. 

!No.  II.  Matte,  11.3  per  cent.  Ag.  alloy  and  46.2  per  cent.  Ag.,  from 
smelting  the  alloy  remaining  from  No.  I  in  crucible  with  347  pounds 
matte,  assaying  14.2  to  14.6  per  cent.  Ag.,  from  a  former  smelting. 

No.  III.  Matte,  13.1  per  cent.  Ag.  alloy  and  48  per  cent.  Ag.,  from 
melting  alloy  remaining  with'  No.  II  with  359  pounds  matte  assaying 

14.6  to  15.9  per  cent.  Ag.    Kesult,  312  pounds  matte. 

No.  IV.  Matte,  13.3  per  cent.  Ag.  alloy  and  51.1  per  cent.  Ag.,  from 
melting  alloy  remaining  from  No.  Ill  with  307  pounds  matte  assaying 
17.9  to  18  per  cent.  Ag.    Result,  330  pounds  matte. 

No.  V.  Matte,  13.3  per  cent.  Ag.  alloy  and  52  per  cent.  Ag.,  from  melt- 
ing alloy  remaining  from  No.  IV  with  346  pounds  matte  assaying  18.5  to 

18.7  per  cent.  Ag.    Eesult,  313  pounds  matte. 

No.  VI.  Matte,  13.5  per  cent.  Ag.  alloy  and  52.5  per  cent.  Ag.,  from 
melting  alloy  remaining  from  No.  V  with  335  pounds  matte  assaying 
18.7  to  18.9  per  cent.  Ag.    Eesult,  321  pounds  matte. 

No.  VII.  Matte,  13.7  per  cent.  Ag.  alloy  and  54.5  percent.  Ag.,  from 
melting  alloy  remaining  from  No,  VI  with  289  pounds  matte  assaying 
18.9  to  25.2  per  cent.  Ag.    Eesult,  261  pounds  matte. 

No.  VIII.  Matte,  15.8  per  cent.  Ag.  alloy  and  60.6  per  cent.  Ag.,  from 
melting  alloy  remaining  from  No.  VII  with  100  pounds  six-kreutzer 
pieces,  17  pounds  sulphur,  and  226  pounds  matte  assaying  25  to  34  per 
cent.  Ag.    Eesult,  294  pounds  matte. 

No.  IX.  Matte,  16.7  per  cent.  Ag.  alloy  and  66.5  per  cent.  Ag.,  from 
melting  alloy  remaining  from  No.  VIII  with  300  pounds  six-krentzer 

*  1  Aastrian  cwt.=  100  pounds  =  56  kilograms  =  123.2  pounds  English  avoirdupois. 
12  M 
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pieces  and  57  pounds  sulphur.    Besult,  273  pounds  matte  and  200  poands 
alloy,  taken  out  and  granulated. 

No.  X.  Matte,  18.7  per  cent.  Ag,  alloy  and  71.9  per  cent.  Ag.,  from 
melting  alloy  remaining  from  No.  IX  with  31G  pounds  six-kreutzer  piece* 
and  6S  pounds  sulphur.    Eesult,  328  pounds  matte. 

No.  XL  Matte,  19.5  per  cent.  Ag.  alloy  and  75.6  per  cent.  Ag.,  from 
melting  alloy  remaining  from  No.  X  with  300  pounds  six-kreutzer  piece;' 
and  51  pounds  sulphur.    Eesult,  187  pounds  matte. 

No.  XII.  Matte,  19.8  per  cent.  Ag.  alloy  and  79  per  cent.  Ag.,  frc^ii 
melting  alloy  remaining  from  No.  XI  with  236  pounds  six-kreatzer  piete? 
and  43  pounds  sulphur.    Eesult,  216  pounds  matte. 

No.  XIII.  Matt«^  25.8  per  cent.  Ag.  alloy  and  83.4  per  cent.  Ag.,  from 
melting  alloys  remaining  from  No.  XII  with  the  200  pounds  ^anulattu 
alloy  from  No.  IX  (assaying  66.5  per  cent.  Ag.)  and  35  pounds  sulphur. 
Besult,  219  pounds  matte  and  200  pounds  of  alloy,  taken  oat  and  grac- 
ulated. 

No.  XIV.  Matte,  54.7  per  cent.  Ag.  alloy  and  89.4  per  cent,  Ag.,  froni 
melting  alloy  remaining  from  No.  XIII  with  200  pounds  granulated  alloy 
from  No.  XIII  (assaying  83.4  per  cent.  Ag.)  and  35  pounds  salpLor. 
Eesult,  220  pounds  matte  and  553  pounds  silver-copper  alloy,  which  i' 
the  final  product. 

The  silver-copper  alloy  from  No.  XIV  is  either  melted  la  charges  w 
1,000  pounds,  with  saltpeter,  in  cast-iron  kettles,  and,  after  the  impurick? 
have  been  removed,  cast  in  molds,  or  copper  is  added  until  it  assays  9>J 
per  cent.  Ag.  and  10  per  cent.  Cu.,  which  is  the  alloy  used  for  the  Hob 
garian- Austrian  silver  guilder. 

Matte  assaying  over  14  per  cent.  Ag.  is  remelted  in  the  operatioi 
following.  But  matte  assaying  less  than  14  per  cent.  Ag.  is  erasheiL 
roasted,  and  desilverized  by  means  of  siilphuric  acid. 

421.  This  process  is  adapted  to  the  extraction  of  silver  from  coppe: 
alloys  where  the  percentage  of  silver  is  so  great  that  it  is  made  de^ira 
ble  to  obtain  a  greater  part  of  it  in  a  short  time.  The  silver  remainiB; 
in  the  copper-matte  is  extracted  by  a  humid  process.  In  the  abovt 
instance  a  small  part  of  the  matte  was  sent  to  Tajova,  where  the  modi- 
fied Augustins  method  is  practiced.  The  greater  part,  however,  was  sold 
to  the  Freiberg  metallurgical  works  for  treatment  with  sulphnric  acid. 

Herr  Cimeg  stated  to  the  author  that  this  process  had  given  unquali 
fled  satisfaction,  as  conducted  at  the  mint  in  Kremnitz.  The  amount  o^ 
six-kreutzer  pieces  treated  was  140,040  pounds  in  19  working-week^, 
with  a  consumption  of  25,312  pounds  Sicilian  sulphur.  They  assayed  ^^ 
per  cent,  of  silver  and  57  per  cent,  of  copper.  77.22  per  cent,  of  tht 
silver  contained  in  the  coin  was  extracted  as  an  alloy  ^  21.38  per  cen;. 
remained  in  1,016  cwt.  of  copper-matte.  The  loss  in  silver  was  1.4  p«rr 
cent.  The  treatment  of  so  large  a  quantity  of  silver  coin  was  caused  bx 
the  Austrian  Hungarian  government  issuing  new  coin  of  a  differeot 
standard. 
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422.  The  Lower  Hangarian  smeltlng-works  at  Scliemnitz,  Kremnltz, 
Tarnowitz,  Neusohl,  were  represented  by  a  collection  of  their  ores ;  in- 
termediate and  final  products,  consisting  in  silver,  copper,  and  lead  ores, 
slag  and  matte  from  different  smeltings;  litharge;  apiece  of  capellation- 
hearth  so  strongly  impregnated  with  litharge  that  it  was  scarcely  to  be 
distinguished  from  the  latter;  lead  ;  and  fine  silver.' 
•  423.  A  systematic  collection  of  ores  and  metallurgical  products  were 
exhibited  from  the  smelting- works  at  Tajova,  illustrating  the  smelting 
and  silver  extraction  as  conducted  at  that  place.  It  consisted  in  copper 
(gelferz)  and  argentiferous  copper-ores,  matte,  black  copper,  refined 
copper,  residue  from  the  silver  extraction,  cement  silver,  and  refined 
silver. 

424.  Metallurgical  processes  of  Lower  Hungary.— When  the 
author  was  in  Schemnitz,  in  August,  1873,  collecting  data  for  this  re- 
port, he  was  shown  by  Herrn  Josef  Wagner,  royal  assayer  in  Schemnitz, 
an  unusually  excellent  description  of  the  Lower  Hungarian  smelting  pro- 
cesses, which  is  here  given,  with  some  slight  modifications.  This  com- 
munication appeared  afterward  in  the  Oesterreichisehe  ZeiUchrift  filr 
Berg  und  Hiittenwesen  in  September  and  October,  1873. 

In  this  communication  all  metallurgical  processes  are  spoken  of  that 
have  existed  up  to  the  year  1873  in  the  Lower  Hungarian  mining-dis- 
tricts *y  what  succefls  they  have  met  with,  and  through  what  changes, 
modifications,  and  new  improvements  the  same  have  passed,  and  what 
may  be  expected  of  them. 

Mining  and  smelting  in  the  Lower  Hungarian  district  probably  had 
its  commencement  in  the  thirteenth  century,  when  a  large  number  of 
miners  emigrated  from  Germany  and  settled  in  those  localities  where 
indications  of  ore-deposits  were  visible.  Miuiug  has  been  very  suc- 
sessfully  conducted,  but  within  the  last  few  years  the  production  of 
silver,  lead,  and  copper  has  somewhat  decreased. 

425.  The  principal  object  of  all  the  metallurgical  establishments  is 
tbe  utilization  of  the  auriferous-argentiferous  lead  and  silver  ores  and 
metallurgical  products,  argentiferous  copper-ore,  (tetrahedrite,)  and 
non-argentiferous  copper-ores,  {gelferze,)  The  Lower  Hungarian  metal, 
lurgical  process  is  consequently  separated  into  two  chief  branches,  viz 

A.  Silver  and  lead  extraction. 

B.  Copper  extraction,  combined  with  the  extraction  of  silver  by  means 
of  the  humid  process. 

426.  For  the  utilization  of  the  above-named  metallurgical  products 
and  ores  amounting  to  180,990  cwt*  =  9,049^  tons,  there  were  up  to.  the 
year  1873  the  following  metallurgical  establishments : 

1.  The  Schemnitz  Hiitte,  divided  into  the  upper  and  lower  works. 

a.  There  are  two  blast-furnaces  at  the  upper  works,  28  feet  high, 
having  the  shape  of  a  trapezium  viewed  in  horizontal  section ;  two  ordi- 
nary double-hearth  reverberatory  roasting-fumaces,  of  the  Hungarian 

*  1  cwt  =■  123.2  pounds  EDglieh  ayoirdapois. 


180  VIENNA   INTERNATIONAL    EXHIBITION,    1873. 

pattern,  aud  an  establishment  for  the  extraction  of  silver,  according  to 
Ziervogel's  process,  and  the  extraction  of  gold,  according  to  Plattners 
process.  Since  the  year  1864  this  silver  and  gold  extraction  establish- 
ment has  been  out  of  use. 

b.  In  the  lower  works  there  are  two  low  blast-furnaces,  22  feet  high, 
having  the  shape  of  a  trapezium  viewed  in  horizontal  section,  a  cnpella- 
tiou-furnace,  a  combined  lead  liquation  and  refining  furnace,  a  Pattin- 
son  battery,  consisting  of  two  kettles,  one  higher  than  the  other,  the 
upper  communicating  with  the  lower  by  means  of  an  iron  pipe  attached 
to  the  bottom  of  the  upper,  and  two  double-hearthed  reverberatorv 
roasting-furnaces,  (forUcliaufelungsoefen.)  These  were  completed  in 
1873,  but  had  not  been  used  up  to  the  year  1874.  The  annual  prodac- 
tion  is  equal  to  8,336.057  mint-pounds  of  silver,  105.476  mint-pounds  of 
gold,  1,436  cwt.  (Vienna)  commercial  lead,  and  1,649  cwt.  of  red  and 
green  commercial  litharge.* 

427.  2.  The  Zsamoviczer  Hiitte  has  two  high  blast-furnaces  and  two 
low,  all  having  the  shape  of  a  trapezium  viewed  in  horizontal  section, 
four  roasting-furnaces,  two  German  cupellation-fumaces,  and  one  le<vi 
liquation  and  refining  furnace.  The  annual  production  amounts  to 
8,336.057  mint-pounds  of  silver,  149.871  mint-pounds  of  gold,  1,815  cw:. 
of  lead,  and  2,740  cwt.  of  red  and  green  commercial  litharge. 

428.  3.  The  Keusobler  Hiitte  has  three  high  and  two  low  blast- 
furnaces, four  roasting-furnaces,  a  cupellation-furnace,  and  one  le<id 
liquation  and  refining  furnace.  The  annual  production  amounts  to 
6,650.629  mint-pounds  of  silver,  150.264  mint-pounds  of  gold,  600  cvt. 
lead,  and  2,332  cwt.  red  and  green  commercial  litharge. 

429.  4.  The  Kremnitzer  Hiitte.  These  work  only  smelt  ore,  and 
have  two  high  blast-furnaces.  The  raw  matte  produced  from  these  t^o 
furnaces,  amounting  to  22,250  cwt.,  is  desilverized  at  the  Keusohlef 
and  partly  at  the  Zsarnoviczer  Hiitte. 

430.  5.  The  Tajovaer  Hiitte,  with  the  incorporated  Hiitte  at  Altge- 
birg,  have  for  their  object  the  utilization  of  the  copper-ores  from  the 
Aeraerial  (government)  and  private  mines,  and  the  copper-matte  pro- 
duced at  the  Lower  Hungarian  lead  and  silver  smelting  works.  The 
annual  production  amounts  to  about  900  mint-pounds  of  silver,  and 
2,868  cwt.  of  copper. 

431.  6.  The  Mutual  St.  Michaelstollner  Dillner  Hiitte  has  two  low 
blast-furnaces,  two  roasting-furnaces,  a  cupellation-furnace  and  liquation- 
hearth  combined;^  with  a  lead-refining  furnace.  This  establishment 
only  works  company  ores  from  St.  Michaelstollner.  The  annaal  pro- 
duction amounts  to  1,050  mint-pounds  of  silver,  70  mint-pounds  of  gold, 
and  3,400  cwt.  of  lead. 

All  of  these  smelting-works  belong  to  the  government,  with  the  ox- 

'^All  the  figures  tbat  occur  iu  this  paper  are  the  average  figures  of  three  years,  the 
years  1868, 1869,  aud  1870.    A  Vienna  centner  (cwt.)  =  112  zoll  pounds  =  56  kilogranL^. 
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ception  of  the  Dillner  Hlitte,  bat  in  all  of  them  more  or  less  ores  from 
private  company  mines  are  smelted. 

The  manner  in  which  the  mines  are  re-imbursed  for  their  ores  by  the 
smelting'Works  will  be  spoken  of  later. 

432.  A.  Lead  and  silver  smelting. — The  lead  and  silver  smelting 
process  is  very  nearly  identical  at  all  the  various  works,  as  far  as  the 
roasting  of  intermediate  lead  products  is  concerned.  The  following  are 
the  principal  steps  of  the  process : 

I.  The  ore  smelting  for  matte. 
II.  Reicliverbleiang,  with  its  preliminary  and  finishing  work. 

III.  Gapellation. 

IV.  Liquation. 

433.  I. — Ore-smelting  for  matte. — The  poorest  auriferous-argentiferous 
ores  containing  no  lead  are  smelted  for  matte.    They  are  as  follows,  viz: 

a.  Quartzose  ores  containing  less  than  0.070  per  cent.  =20  oz.  8  dwt. 

4.80  gr.  of  auriferous  silver,  but  capable  of  producing  40  to  80  per  cent. 

of  matte. 
&.  Dressed  or  concentrated  silver-ores  containing  0.07  per  cent.  =  20 

oz.  8  dwt.  4.8  gr.  auriferous  silver. 

c.  Undressed  ores  containing  from  0.07  to 0.14  percent.  =  20  oz.  8  dwt. 
4.8  gr.  to  40.5  oz.  auriferous  silver. 

d.  Pyritous  ores,  witb  or  without  auriferous  silver,  but  capable  of 
producing  at  least  60  per  cent,  of  matte. 

e.  Furnace-dross,  from  same  operation. 

The  object  of  this  manipulation  is  the  slagging  off  of  the  worthless 
gangue  matter,  and  the  concentration  of  the  metals  in  a  matte.  After 
the  years  1868, 1869,  and  1870,  there  was  smelted  annually,  at  all  the 
smelting- works,  about  66,320  cwt.  of  raw  ore. 

A  smelting-charge  generally  consisted  of  100  cwt.  dressed  and  un- 
dressed ore,  capable  of  producing  45  per  cent,  of  matte ;  4  to  6  cwt.  of 
furnace-dross  from  the  same  operation^  100  to  120  cwt.  slag  from  the 
Eeichverbleiung,  and  15  to  20  cwt.  limestone. 

The  following  were  the  products  therefrom: 

a.  Kaw  matte,  containing  0.166  to  0.260  per  cent.  =  48  oz.  7  dwt.  to  81 
oz.  13  dwt.  of  auriferous  silver.    This  goes  to  the  Eeichverbleiung ; 

b.  Furnace-dross  which  passes  through  the  same  manipulation; 

c.  Slag. 

The  percentage  of  auriferous  silver  was : 

Per  cent. 

Ill  matte 97 

In  furnace-dross 1 

Total 98 

Loss,  2  per  cent. 

The  amount  put  through  in  twenty-four  hours,  fn  one  furnace,  70  or 
90  cwt. 
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The  consuiuption  of  fuel  for  every  100  cwt.  of  ore,  dressed  and  on- 
dressed,  amouDts  to  144  mass,  (one  mass  is  equal  to  6.4  cabic  feet.) 
The  total  cost  of  smelting  100  cwt.  of  ore  amounts  to : 

Fl.    Kr. 

Generarcost  and  cost  of  manipulation 96    9ij 

Cost  of  fuel 54    9i> 

Superintendence 8    90 

Total 160    70 

The  average  cost  of  smelting  1  cwt.  of  ore  for  matte  amounts  to  90.7 

kreutzer. 

434.  IL — Reichverbleiung. — The  following  ores  and  metallurgical  pro- 
ducts are  treated  in  this  mieinipulation : 

a.  Lead-ores  containing  from  0.03  to  0.1  per  cent==8  oz.  14  dwt.  IdJit 
gr.  to  29  oz.  2  dwt.  of  auriferous  silver,  and  from  40  per  q^nt*  to  60  per 
cent.' lead; 

b.  Lead-slimes,  containing  from  0.025  to  0.1  per  ceut.=7  oz.  6  dwt.  to 
29  oz.  2  dwt.  of  auriferous  silver,  and  from  20  per  cent,  to  60  per  cent, 
lead; 

0.  Lead-copper  ores  and  rich  pjritous  slimes  from  the  dressing  of  the 
lead-ores ; 

d.  Ores  and  slimes,  containing  from  0.14  per  cent.=40  oz.  16  dwt 
auriferous  silver,  up  to  the  highest  amount; 

e.  Eaw  matte  from  the  ore-smelting  for  matte  (I) ; 

/.  Furnace-products   from   the  same  manipulation,  viz,  lead-matte, 
sweepings,  furnace-fumes,  and  lead-slag ; 
g.  Products  from  the  cupellation  and  liquation  manipulation. 

The  following  chemical  analysis  will  serve  to  show  the  chemical  con- 
stitution of  the  above  ores : 


No. 


1 
2 
3 
4 
5 
6 
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Nnn  Antoni 

Carlschftchtor 

CliriHtina ? , 

SiKllabereer 

Franz-Scnapchtcr 

Schopferstollner 
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Pacherstollner 

^lichaelistoIlDcr 

Pachorst  Sohlich 


SiOi 

A1,0, 

CaO 

MgO 

Fe 

8a  640 

9.767 

1.066 

0.158 

1.690 

60.190 

6.476 

3.083 

1.003 

3.928 

59.855 

7.712 

4.380 

1.5»2 

3.334 

47. 746 

8.211 

2.083 

2.150 

7.318 

32. 910 

17.011 

10. 740 

1.665 

5.838 

79. 646 

1.214 

7.694 

0.442 

2.123 

19.370 

2.200 

Trace. 

0.170 

2.340 

30.400 

2.128 

0.174 

0.255 

4.423 

4.680 

1.280 

0.190 

Trace. 

9.850 

Zn 


0.112 
0.361 
0.415 
2.327 
0.305 


ia2to 

11. 644 
6.190 


MnO 


0.093 
9.ft56 
6.689 
6.031 
6.195 


0.170 
Trace. 


Cn 


a  091 

0l151 

aant 

0.055 


1.450 
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Chemical  Analpftis — CoDtinued. 


2^0. 

Mining  company. 

Pb 

AMAg 

Sb 

S 

Mg 

Combined  with 
SIO, 

O.HO 

aud 

loss. 

Ca 

Co, 

1 
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Nen  Antoni 

0.328 
1.195 
0.672 
2.918 
0.300 

0.254 
0.207 
0.385 
0.370 
0.255 
0.539 

0.040 
0.048 
0.050 

0.087 

Trace 

..do... 

. . do  ... 

..do... 

0.160 

8.142 
4.475 
3.945 
9.126 
5.965 
1. 379 

0.300 

0.120 

1.066 
a  375 
9.250 
7.833 
14.400 
6.542 

1.084 

2 
3 

4 
5 

Carlschachter 

1.300 

Christina 

0.315 

0.583 

0.658 

SiicliBberEer 

3.094 

Franz-Scnacht^r 

0.345 

0.600 

3.360 

6 

SohoDferstoIIner 

0.266 

7 
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Pacheratollnor .. 

4a  100 

1.360 

SO, 

1.360 

1.310 

8 

Michaelist'^Uner 

Trace 
0.050 

9 

Pacherst  Schlich 

52.320 

0.150 

1.800 

435.  The  "  Eeichverbleiung^  consists  in  the  following  manipulations  : 

1.  Boasting,  as  preliminary  manipulation. 

2.  '<  Beichverblei''  smelting,  as  chief  manipulation. 

3.  Matte-smelting. 

4.  Matte-matte  smelting,  (Lech-Lechschmelzen,)  final  manipulation. 

436.  1.  Roasting,  a.  Roasting  in  reverheratory  furnaces. — The  lead-ores 
to  be  roasted  are  so  mixed  with  richer  pyritons-Iead  slimes  and  argen- 
tiferous slimes  that  the  average  percentage  in  lead  will  amount  to 
between  30  and  45  per  cent.  Such  a  roasting-charge  weighs  about 
1,000  cwt.,  and  is  called  the  lead-^BSPtiag  dump,     yc  a  ^7/m^ 

Analysis  of  mmgtimg-dujnp  at  the  Dillner  Riitte  No.  10. 
SiOa 17.870 

AI2O3..: 1.842 

CaO 2.680 

MgO 0.320 

Fe 15.187 

Zn 9.429 

Cu 1.099 

Pb : 33. 332 

Sb '. 0.042 

S 16.770 

Au + Ag 0. 029 

The  method  of  roasting  is  different  at  the  various  works.  At  the 
Schemnitzer  Htitte  slag-roasting  is  in  vogue,  at  the  Zsarnoviczer  &  Neu- 
sohler  Htitte  dust- roasting,  (roasting  without  agglomerating,)  and  at  the 
Mutual  Dillner  Hiitte  the  agglomeration-roasting  is  made  use  of.  It 
remains  to  be  said  that  by  the  use  of  the  slag-roasting  the  loss  in  lead 
and  the  consumption  of  fuel  are  greater  than  by  the  other  methods,  but, 
on  the  other  hand,  has  the  advantage  that  it  allows  of  a  better  desul- 
phurization  and  preparation  of  the  roasting-charge.  , 

The  resnlt  of  desulphurization  by  the  different  methods  of  roasting  is 
as  follows : 

Slag-roasting,  (roasting  until  the  charge  is  well  melted,)  2  per  cent. 
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salphar  remaiufi;  agglomerating  roasting,  3^  percent,  snlphur  remaing; 
dust-roasting,  (roasting  without  fusing  or  agglomerating,)  5  per  cent 
sulphur  remains. 

According  to  analysis  by  the  Gewerkschaftlicher  Central-Probb- 
'^kSu^v^<^^8fi^■W,  the  raw-lead  roasting-heap  (Dillner  HUtte)  contains  16.770  per 
cent.  S.;  after  preliminary  roasting  it  contains  11.680  per  ceot.  S.; 
after  dead-roasting  it  contains  3.630  per  cent.  S. 

The  roasting  is  conducted  at  all  the  works  in  Hungarian  ^^  Fortschaa- 
felungsofeu"  (long  reverberatory  roasting-furnaces)  with  doable  hearth. 
About  40  cwt.  of  the  roasting-heap  is  put  through  in  every  twenty-four 
hours. 

The  consumption  of  fuel  per  100  cwt.  is  as  follows : 

In  the  slag-roasting 2^  to  3^  klafters  of  3-foot  wood. 

In  the  agglomerating  roasting 2    to  3    klafters  of  3-foot  wood. 

In  the  dust-roasting If  to  2    klafters  of  3-foot  wood. 

The  average  cost  of  roasting  100  cwt.  of  charge  by  the  agglomerating 
roasting  method  is — 

Fl.         Kr. 

Cost  of  fuel,  24  klafters  wood,  at  6  florins  15  kreutzer 15     18. 75 

Wages,  5J  shifts,  at  1  florin  20  kreutzer 6     60.  (Ki 

Eepair  of  tools  for  5 J  shifts,  at  3f  kreutzer 0     19. 5i) 

Total 21     98.2j 

The  actual  cost  of  roasting,  exclusive  of  superintendence,  is  eqaalto 
about  21.98  kreutzer  per  cwt. 

h.  Roasting  in  free  heaps, — Raw  matte,  lead-matte,  copper-matte,  and 
furnace-dross  are  roasted  in  this  manner. 

The  expenses  per  100  cwt.  are — 

Fl.         Kr. 

For  stamping  100  cwt.,  at  1  kreutzer 1  0. 0<> 

For  laying  over  100  cwt.,  at  f  kreutzer 0  75. 0*) 

For  fuel,  \  klafter  wood,  at  6  florins  75  kreutzer 1  12.  00 

For  arranging  the  roasting- floor,  one  shift 0  50. 0(> 


Total 3     37. 00 

437.  2.  ^^ Reichverbleischmelzen.'^^ — This,  the  principal  manipulation  of 
the  silver-smelting  works,  beneficiates  the  richer  silver-ores  and  slime:s 
with  roasted  lead-ore,  roasted  raw  matte,  cupellatiou-products,  and  dross. 
The  object  of  this  manipulation  is  the  slagging-off  of  the  worthless  gangue 
matter  and  a  concentration  of  the  gold  and  silver  in  the  lead.  As  is  to  be 
seen  from  the  foregoing  analyses,  the  silicic  acid  is  the  principal  slag- form- 
ing ingredient.  The  character  of  the  ores  is  acid,  that  is  to  say,  there  is  a 
superabundance  of  silicic  acid  and  a  lack  of  bases.  Furthermore,  all 
the  ores,  especially  the  lead-ores,  carry  a  large  percentage  of  zinc.  It 
is  well  known  how  disadvantageous  to  lead-smelting  processes  this 
metal  is.  Now,  in  order  not  to  supply  the  lack  of  bases  with  worthless 
fluxes,  and  also  to  make  the  zinc  in  smelting  as  little  troublesome  as 
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possible,  the  ore-charge  is  fluxed  with  the  roasted  matte  that  contains 
a  large  percentage  of  iron  and  some  gold  and  silver  from  the  govern- 
ment works.  This  not  only  supplies  the  place  of  the  failing  bases,  but 
also  acts  as  a  solvent  on  the  zinc.  The  fusibility  of  the  charge  depends 
upon  the  amount  of  roasted  matte  used  as  flux.  From  the  advantages 
gained  by  the  addition  of  roasted  matte,  it  can  be  easily  explained  why 
only  such  a  small  amount  of  slag  is  added  in  working  charges  so  rich  in 
zinc. 

At  the  Mutual  BiUner  Hutte,  up  to  the  year  1872,  lead-slimes  and 
larger  amounts  of  slag  from  the  same  manipulation  took  the  place  of 
this  matte,  on  account  of  there  not  being  a  sufficiency  of  the  latter. 
Now,  as  the  percentage  of  zinc  has  greatly  increased  of  late  in  the  lead- 
ores  of  Michaelstolleur,  the  above  flux  was  not  sufficient  to  effect  an 
easy  and  effective  smelting.  It  was  necessary  every  three,  or,  at  the  high- 
est, four  weeks,  to  blow  the  furnaces  out,  on  account  of  furnace-accre- 
tions and  irregular  working,  and,  moreover,  the  productions  never 
amounted  to  more  than  24  cwt.  per  twenty-four  hours.  The  charge 
was  now  so  made  up,  according  to  a  previous  one  of  the  kind,  that 
roasted  lead-matte  formed  a  portion,  and  the  ^^  Beichverbleiungs  "  slag 
was  replaced  by  that  from  the  matte-smelting,  which  contains  a  large 
percentage  of  iron,  and  the  smelting  carried  on  with  a  somewhat  de- 
creased  pressure  of  blast.  The  results  were  much  better,  as  compared 
with  the  former.  In  twenty-four  hours  over  54  cwt.  of  pure  ore-charge 
was  put  through,  exclusive  of  slag;  the  campaign  lasts  nearly  eight 
weeks ;  less  fuel  was  consumed,  and  the  loss  in  metal  was  also  much 
smaller. 

The  zinc,  which  principally  goes  into  the  matte  and  slag,  becomes 
mechanically  entangled  in  the  slag,  oversaturated  as  it  is  with  basesj 
and  is  thus  carried  out  of  the  furnace.  The  high  percentage  of  zinc 
(about  12  per  cent.)  found  in  the  slag  is  easily  explained  in  this  manner. 

The  average  composition  of  the  charges  at  the  various  works  for  a 
long  time  was  as  follows : 


1. 

2. 

3. 

4. 

• 

i 

P 

§ 
1 

s 

o 

i 

1 

• 

a 

3 
P 

Koasted  lead-ore 

Cfwt 
46 
54 
32 

3 
38 

8 

50 

Owt 
45 
55 
45 

Owt 
47 
53 
38 

Owt. 
60 

Silver-ore - 

40 

Raw  matte - ... . - 

Lead-matte 

15 

Cupellation-prodactft 

"42 

4 

50 

47 
2 

50 

20 

S  wocDinfirs 

12 

AdditUnuU  flag : 

Slacr  from  same  manlDnlation 

Slae  from  matte-smeltliifir 

*54 

LimestoDe  ............ ............................. . ... 

i 

■"  1 

*  Percentage. 
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In  order  to  cover  the  auriferous  silver,  for  every  mint-poand  of  the 
same  2  to  2^  cwt.  of  lead  is  added.  The  products  of  this  manipnlation 
are: 

a,  Eich  lead,  containiDg  0.4  to  0.6  per  cent.  =  116  oz.  12  dwt-  to  174  ol 
19  dwt.  silver  and  gold ;  this  goes  to  the  cnpellation-fnrnace,  and  has  the 
following  chemical  composition  at  the  Schemnitzer  HUtte,  No.  11 : 

Cu 0.14S 

Sb 0. 093 

As ^ trace. 

Fe 0.019 

Zn trace. 

AuAg i —  0. 467 

Pb 99.i?6 

Residue 0. 010 

&.  Lead-matte,  containing  from  0.075  to  0.16  per  cent  =21  oz.  17  dwt. 
to  43  oz.  15  dwt  silver  and  gold,  10  per  cent,  to  13  per  cent,  lead,  and 
6  per  cent  to  15  per  cent  copper. 

According  to  chemical  analysis,  the  lead-matte  at  the  Schemnitzer 
Hiitt^  is  constituted  as  follows: 

S 23.111 

Fe 44.505 

Pb 14.S06 

Cu 10.a56 

Sb.... 0.875 

AuAg 0.12S 

Mn 0.697 

OaO O.450 

Mg  O * trace. 

Eesidue -  0. 7(i0 

0.  Furnace-dross  sweepings  and  furnace-fumes  go  through  the  same 
process  again. 
The  furnace-dross  from  the  Dillner  Hiitte  is  constituted  as  follows: 

Analysis  No,  13. 

S 27.6.^ 

Pb 20.269 

Fe 14.0(W 

Zn 32.237 

Cu.. 0.664 

Sb 0.058 

Eesidue 6. 000 

d.  Slag  assaying  from  0.003  to  0.006  per  cent  =  17  dwt  to  1%  oz.  in 
silver  and  1  per  cent,  to  3  per  cent.  lead. 
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Sehemnitzer  Butte^  analysis  No.  14. 

SiOa 35.372 

Fe  O. 30.710 

Ca  O 7. 716 

jMgO 1.716 

MnO 3.783 

ZnO 4.633 

PbO 3.041 

CuO.. 0.261 

AI2  O3 10. 266 

Ag 0.002 

S !: 1.740 

Dillner  Rutte^  analysis  No.  15. 

SiO, 36.333 


FeO 


32.650 


CaO 6.345 

MgO e.785 

zao^:;.;:;;;:::::;:::::;;;;::;::;:::::::::::::;.;:::::i'^«^ 

PbO 2.154 

CuO 0.338 

AI2O3 5.000 

Ag 0.003 

S 2.  754 

la  the  smelting  of  100  cwt.  of  the  above  charge  the  following  was  the 
production — 


AtKensohl. 

At  SchemnitE. 

At  Dillner. 

Bnlliozi 

PereewL 

27.68 

&0S 

1.55 

Percent 

27.94 

6.70 

5.03 

Percent. 
26.05 

Liead-mftttd 

9.25 

Fumncfl-droaa. swoADiiiss.  &o 

6.00 

Total 

37.25 

39.66 

41.30 

Percentage  of  metal : 

Silver. 

Gold. 

Load. 

Bnllion  ...... ..................................................... 

Per  cenL 

96.79 

5.69 

0.74 

Per  cent 
100. 57 
1.16 
0.60 

Percent, 
93.52 

Tklatte 

2.57 

Furiiace-droAa.  sweeDinira.  &o  ............................ 

1.15 

Total 

103.22 

102.33 

97.24 

The  smelting  is  conducted  entirely  in  ordinary  high  blast-furnaces, 
28  feet  high,  with  two  tuyeres,  and  in  low  blast-furnaces,  22  feet  high, 
with  two  tuyeres. 

The  furnaces  are  tended  by  a  smelter  and  a  charger,  who  at  the  same 
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time  wheels  away  the  slag.  The  atnouat  put  through  in  twenty-four 
hours,  without  reckoning  the  slag,  varies  between  40  and  52  cwt.  TLe 
consumption  of  fuel  was  different  at  the  various  works  j  it  was  as 
follows : 

At  the  Schemnitzer  Hiitte,  for  every  100  cwt.  of  charge,  28  mass. 

At  the  Dillner  Hiitte,  for  every  100  cwt".  of  charge,  80  mass. 

At  the  Neusohler  Hiitte,  for  every  100  cwt.  of  charge,  105  mass. 

438.  Matte-smelting, — This  operation  treats  the  roasted  matte  from  the 
*^  Eeichverbleiung,"  silver-ores,  roasted  lead-copper-ores,  cupellation- 
products,  and  lead  for  fluxing.  The  object  of  this  operation,  besides  the 
concentration  of  the  copper  in  the  matte,  is  the  extraction  of  the 
gold,  silver,  and  lead  from  the  lead-matte.  • 

The  products  of  this  operation  are : 

a.  Lead,  carrying  0.25  to  0.4  per  cent.  =  72  oz.  18  dwt.  to  116  oz.  12 
dwt.  auriferous  silver. 

b.  Matte,  containing  from  0.07  to  0.4  per  cent.  =  20  oz.  9  dwt.  to  116 
oz.  12  dwt.  auriferous  silver,  15  per  cent,  to  28  per  cent,  copper,  and  11 
per  cent,  to  16  per  cent.  lead. 

c.  Furnace-dross,  sweepings,  &c. 

d.  Slag,  (singulo-silicate)  containing  0.002  to  0.004  per  cent.  =  11  dwt. 
15.84  gr.  to  1  oz.  3  dwt.  7.68  gr.  auriferous  silver,  and  1  per  cent,  to  3 
per  cent,  and  0.200  to  0.500  per  cent,  copper. 

The  smelting-charges  were  dissimilar  at  the  different  works.  The 
following  was  the  average  "  make-up  "  for  three  years : 


Lead-matte 

Silver-orea , 

Lead-copper-ores 

Capellation-products 

Flux-lead 

Sweepings    

"Reich verbleinngs"  slag. 
Slag  from  ore-smelting... 
Iron 


Keasohl. 


100  cwt. 
90  cwt. 

9  cwt. 
14 
53 

8 
56  per  cent 


1. 4  per  cent. 


Dillner. 


100  cwt 


10  cwt 
20 


90 

20  per  cent 

90  percent 


From  50  to  70  cwt.  of  clean  charge  were  put  through  in  twenty-four 
hours. 

The  consumption  of  fuel  was  greatest  at  the  Neusohler  Hiitte;  abont 
140  mass  to  every  100  cwt.  of  charge.  At  the  other  works  scarcely 
100  mass  were  consumed.  The  reason  of  the  lai'ger  consumption  of 
fuel  at  the  Neusohler  Hiitte,  in  all  its  smelting  operations,  is  principally 
on  account  of  the  bad  quality  of  coal. 

439.  Second  matte-smelting, — The  roasted  matte  from  the  foregoing 
operation  is  treated  by  this  manipulation.  The  object  of  the  operation 
is  the  same  as  that  of  the  former.  A  charge  generally  consists  of  100 
cwt.  of  matte  and  12  to  15  cwt.  of  cupellation-p  rod  nets.  As  flux,  from 
50  per  cent,  to  80  per  cent,  of  slag  from  the  ore-smelting  is  made  use 
of.  Lead  is  also  added  in  order  to  effect  a  perfect  extraction  of  the 
auriferous  silver,  as  in  the  foregoing  operation. 
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The  products  of  the  operation  are : 

a.  Matte-lead,  carrying  0.2  to  0.3  per  cent.  =  58  oz.  6  dwt.  to  87  oz.  9 
dwt.  anriteroas  silver. 

&.  Copper-matte,  carrying  0.04  to  0.08  per  cent.  =  11  oz.  14  dwt.  to  23 
oz.  7  dwt.  auriferous  silver,  40  to  50  per  cent,  copper,  and  4  to  11  per 
cent,  lead.* 

According  to  chemical  analysis,  the  copper-matte  from  Dilluer  IlUtte, 
INo.  16,  contains  the  following  percentage  of  constituents : 

SiOa 0.761 

Fe 23.  333 

Pb 6.787 

Cu 39.919 

Sb 0.186 

Zn 4.013 

Au  Ag 0.052 

S 22.728 

As trace 

c.  Furnace-dross^  siceepings,  &c,^  cfec. — The  copper-matte  from  all  the 
works  is  sent  to  the  copper  and  silver  extraction  works  in  Tajova,  for 
further  treatment.  As  the  gold  in  the  copper-sweepings  is  not  consid- 
ered, when  the  same  are  dissolved  at  Tajova,  it  therefore  remains  to  be 
noticed  that  the  extraction  of  the  gold  from  the  auriferous-argentifer- 
ous charge  is  almost  perfect  by  the  Reich verbleiung  operation  and  its 
finishing  manipulations.  While  the  amount  of  gold  contained  in  a 
mint-pound  of  auriferous  silver  in  the  rich  lead  is  equal  to  0.020  to  0.030 
per  cent,  5  to  8  oz.,  so  is  the  same  in  the  matte-lead  at  the  highest  only 
from  0.005  to  0.007  per  cent.,  equal  to  1  to  2  oz.,  and  in  the  copper-matte 
scarcely  0.0004  mint-pound,  equal  to  2  dwt.,  or  the  amount  of  gold  con- 
tained in  a  cwt.  of  copper-matte  containing  0.05  per  cent.,  equal  to  15 
oz.  auriferous  silver,  is  scarcely  0.00002  mint-pound. 

440.  There  was  treated  in  the  years  1868, 1869,  and  1870,  at  the  three 
governmental  silver-smelting  works,  by  the  operation  of  "Reichver- 
bleiung"  and  its  finishing  manipulations,  the  following  amount  of  ores 
and  metallurgical  products : 


• 

G 

Material. 

!.UA 

Average  amoDDt  of,  contained 
in  same. 

XJTJ   WOljgub. 

An  Ag. 

Lead. 

Copper. 

1 

Silver-opoa  and  slimfA 

Cvft 
153. 970 
122.880 
244.360 

Lb». 
73 
41 
73 

Mint  Jh». 
0.279 
0.052 
0.081 

Xte. 

Lbt. 
0.13 

2 

Lcad-orefl.  slimes,  and  Iea<l-coDDer  ores 

37.55 
41.72 

0.61 

3 

MntAllnrfi'icAl  nrodnctA 

2.20 

Total 

521. 110 
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0.412 

79.27 

2.93 

*  The  analyses  1, 2, 3, 4, 5, 7, 9, 11, 12,  and  14  were  made  by  the  royal  Hungarian  dis- 
trict analyst,  Carl  Dobrovitz,  and  Nos.  6,  8,  10,  13,  15,  and  16  by  the  author,  Josef 
Wagner. 
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The  following  was  the  production  of  metal  in  percentage : 


Production 

Surplus 

Lobs 


Gold  and 
silver. 


Ver  cent 

104.86 

4.86 


Lead. 


Per  cent 

97.58 


9.43 


Copper. 


Prr  r^nt 

107.49 

7,4d 


Consumption  of  fuel  for  total  amount  treated : 

Per  cent,  of  charge. 

Wood,  (3  feet  long,)  6,813  klafter 0.013  klaft^n 

Charcoalj  548,451  mass 1.052  mass. 


a.  Cost  of  fuel 

h.  Cost  of  manipulation  and 

general  expenses 

c.  Superintendence 


EXPENSES. 

On  total  amoant  treated. 
Florins.  Kr. 
248,209  54 


172,342  19 
39,358  57 


On  per  1  cwt.  of  charge. 
Krent^er. 
47.62 

33.06 
7.55 


Total 459,910  30  88.23 

If  calculated  per  1  cwt.  of  ore  and  slime,  it  would  be=l  florin  06.17 
kreutzer. 

At  the  Mutual  St.  Michaelslolluer-Dillner  Hiitte  there  is  smelted 
annually  over  20,000  cwt.  of  ore,  &c.  The  total  cost  per  cwt,  of  ore  and 
slime  in  1872  was  equal  to  1  florin  45  kreutzer. 

441.  Ill, — Cupellation. — The  auriferous-argentiferous  lead  coming  from 
the  ^'  Eeichverbleiung''  operation  and  its  flnisliing  manipulations  is  cu- 
pelled 'f  also  silver-ores  assaying  higher  than  3  per  cent =874  oz.  are  man- 
ipulated by  this  process.  This  operation  is  conducted  in  a  German  cnpel- 
lation-furnace  with  movable  top,  and  which  is  furnished  with  a  Siberian 
litharge-reduction  furnace.  From  200  to  250  cwt,  lead  are  cupelled  at 
a  time.  The  operation  is  so  conducted  that  about  half  the  litharge  pro- 
duced is  immediately  reduced  to  lead  by  means  of  the  reduction-far- 
nace.    The  products  of  this  operation  are : 

a.  Auriferous  blick-silver,  having  a  fineness  of  980  to  992  in  1,000  parts. 
&.  Manipulation  litharge  \ 

c.  "Abstrich^'  >  are  resmelted. 

d.  Test  ) 

€,  Lead  from  the  reduction  of  litharge  is  liquated  for  commercial  lead. 
/.  Eed  and  green  commercial  litharge. 

442.  In  the  years  1868, 1869,  and  1870  there  was  cupelled  by  the  gov- 
ernment silver-smelting  works  about  143,688  cwt  of  lead,  containing 
very  nearly  0.500  mint-pound  gold  per  cwt.  of  auriferous  silver. 
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The  metallic  production  of  auriferous  silver  in  per  cent,  was : 

Per  cent. 

As  blic-silver 96.25 

In  the  products 4.24 


Total 100.49 

Consequently  tliere  was  a  surplui^  of 0.49 

Average  loss  in  lead  amounted  to  about  5  per  cent. 

TOTAL  EXPENSES. 

Per  mint-poaDd   of 

silver  produced. 

Florins.   Kr.  Fl.  Krentzers. 

a.  Cost  of  fuel 20,712  98  31.5 

b.  Cost  of  manipulation  and 

general  expenses 42,737  65  65.5 

c.  Superintendence 8,886  50  13.5 

Total 72,337  13  1    10.5 

443.  IV,  Liquation. — As  a  part  of  the  very  impure  lead  is  liquated  be- 
fore undergoing  the  operation  of  cupellation,  consequently  this  operation 
can  only  be  considered  as  a  preliminary  manipulation  to  the  cupellation, 
and  the  refining  of  the  litharge-lead  to  commercial  lead  can  only  be  con- 
sidered as  the  actual  liquation  operation.  The  operation  of  liquation,  in- 
cluding the  refining,  is  conducted  in  a  combined  lead  liquation  and  refin- 
ing furnace,  which  was  first  brought  into  use  in  the  year  1860,  at  the 
Schemnitzer  works,  by  Superintendent  Willibald  Kachelmann.  The 
same  consists  of  two  principal  parts,  i,  «.,  a  reverberatory  and  a  kettle 
furnace,  each  with  its  own  fire-place.  The  kettle  furnace,  which  has  a 
cast-iron  kettle  capable  of  holding  50  cwt.  of  lead,  stands  close  up  to  and 
nnder  the  reverberatory  furnace,  which  is  furnished  with  a  spout,  through 
which  the  liquatedlead  flows  into  the  kettle.  The  liquated  lead  is  re- 
fined by  means  of  green  birch-tree  branches,  which  are  immersed  into 
the  lead-bath,  and  held  there  by  means  of  a  special  arrangement. 

The  general  costs  of  liquation  in  per  cent,  of  lead  amounted  to : 

Florin.  Kr. 

a.  Cost  of  fuel 1    90 

b.  Cost  of  manipulation  and  general  expenses 6    79 

c.  Superintendence 1    30 

Total 9    99 

444.  Total  cost  of  the  lead  and  silver  smelted  during  the  years  1868, 
1869,  and  1870 : 

Florin.      Kr, 

I.  Cost  of  the  ore-smelting 153, 626    96 

II.  Cost  of  the  Eeichverbleiung  and  finishing  manipu- 
lations  459,910    30 
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Florin.    Kr. 

IIL  Cost  of  the  cupellation 72,337    13 

IV.  Costof  theliquation 2,924    99 


Total 688,  799    3S 

The  loss  in  lead  amounted  to  8,438  cwt.  47  lbs.,  or  5.5  per  cent,  of  the 
production  J  the  same  represents  a  .value,  according  to  the  lariflf,  of 
107,158  florin,  77.9  kreutzer. 

Cost  of  production : 

a.  For  silver-ores  and  slimes. 

1.  There  was  smelted : 


AuriferioQS  silver. 

Operation. 

Ores  and  slimes. 

Assay. 

Amount. 

Hint-poands. 

• 

Ore-aiDeltinfir 

Owt, 
162,784 
153,070 

Lb9. 
94 
73 

0.071 
0.271 

12.0e8 
41,631 

B» 

*'  Iloichverbleiane ''  oneratioo - 

fS3R 

Cost  thereof : 

Florin.     Xr. 

Ore-smelting  , 153,626  96 

Beichverbleiung,  and    finishing   manipulation,    per   cwt. 

166.17  kreutzer 255,699  41 

Cupellation  according  to  the  contents  in  silver 66, 671  63 

Loss  in  lead  by  cupellation 95, 803  28 

Total 571,801    28 

The  complete  manipulation  of  a  cwt.  of  silver-ore  or  slime,  containing 
0.170  mint-pound =49  oz.  10  dwt.  4.80  gr.  auriferous  silver,  costs  1  florin 
97  kreutzer. 

&.  For  lead  and  lead-copper  ores  and  slimes.* 

1.  There  was  smelted  : 


Ores  and  slimes. 

Average  contents. 

Contente 

u 

An  and  Ag 

Pb 
37 

Gold. 

Silver. 

Load. 

132,860  cwt.  41  pounds 

0.053 

Mint-pounds. 
6,369 

Mint-pounds, 

855 

Otet, 
46,143 

£1 

Cost  of  smelting  the  above : 

Florin.     Kr. 

Cost  of  smelting  per  cwt.  166.17  kreutzer 204, 210    80 

Cost  of  cupellation  according  to  the  amount  of  silver 7, 665    50 

*  The  loss  in  lead  resulting  from  smelting  and  liquation,  and  which  was  subtract^ 
from  the  metallio  contents  in  the  redemption  of  the  dross,  is  not  considered  in  the 
above  statement  of  expenses. 
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Florins.    Er. 

Loss  of  lead  in  capellation  according  to  the  amount  of 

silver 11,355    50 

Cos t  of  liquation 2, 924    99 

Total 226,156    79 

The  complete  manipulation  of  a  cwt  of  the  charge,  containing  on  an 
average  0.052  mint-pounds  =  15  oz.  3  dwt.  6.24  gr.  auriferous  silver,  and 
37  per  cent,  lead,  costs  1  florin  84  kreutzer. 

c.  Fur  auriferous  silver  produced. 

flJbere  was  produced  63,152.986  mint-pounds  auriferous  silver,  contain- 
ing 0.0192  mint-pound  gold  =  5  oz.  11  dwt.  20.31  gr. 
Cost  of  production : 

Plorin.      Kr. 

Total  cost  ore-smelting 153,626  96 

Total  cost  of  Beichverbleiung  of  the  silver-ores 255, 699  41 

Total  costof  cupellation 72,337  13 

lioss  in  lead  by  cupellation 107, 158  77 

Total 588^822    27 

The  production  of  a  mint-pound  of  auriferous  silver  (0.0192  mint-pound 
gold  and  0.9808  mint-pound  silver)  having  a  value  of  57  florin  52  kreut- 
zer, costs  9  florin  32  kreutzer. 

d.  For  liquated  lead  and  commercial  litharge. 

Only  such  lead  as  was  actaally  reflued  at  the  silver-smelting  works,  as 
liquated  lead,  and  such  litharge  as  was  produced  during  the  operation 
of  cnpellation,  is  here  taken  into  account.  The  production  is  regu- 
lated according  to  the  demand;  if,  for  example,  the  demand  for  the  same 
increases,  more  is  consequently  produced. 

1.  About  33,493  cwt.  of  liquated  lead  and  commercial  litharge  was 
produced.    The  costs  thereof  were : 

Florin.      Er. 

For  smelting  the  lead-ore 204, 2 10    89 

For  liquation 2, 924    99 

207,135    88 

The  production  of  a  cwt.  of  liquated  lead  or  litharge,  costs  6  florins 
18  krentzer,  and  is  woi  th  14  florins. 

Besides  the  production  of  blick-silver,  lead,  and  litharge,  there  was 
also  produced  at  the  three  government  silver-smelting  works,  in  addition 
to  the  above,  4,641  cwt.  77  lbs.  of  copper-matte,  carrying  on  an  average 
44  per  cent,  copper,  and  0.094  mint-pound  =27  oz.  8  dwt.  2.88  gr.  silver, 
which  represents  a  value,  according  to  the  tariff,  of  119,693  florins  36 
kreutzer. 

They  have  also  to  share  a  part  of  the  above  costs  of  production. 
If  these  are  broaght  into  the  account,  the  cost  of  producing  a  mint- 
13  M 
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pound  of  auriferons  silver  and  a  hundred- weight  of  liquated  lead  and 
litharge  is  somewhat  less.* 

445.  B.  GOPPEB-SMELTING-. — ^The  following  ores  and  products  are  util- 
ized by  this  manipulation : 

a.  Argentiferous  copper-ore  containing,  on  an  average,  12  per  cent 
copper  and  0.040  mint-pound  silver  s=  12  oz. 

h.  Kon-argentiferous  copper-ore  {gel/erz)  containing  18  x>er  cent,  copper 
and  upward. 

0.  Precipitated  copper  from  the  mine-waters. 

d.  Mint-cement,  copper,  and  copper-sweepings. 

6.  Copper-matte,  from  the  silver-smelting  works,  containing  40  per 
cent,  copper  and  upward,  4.11  per  cent,  lead  and  0.080  mint-pound  = 
23  oz.  6  dwt.  12.40  gr.  silver. 

The  argentiferous,  as  well  as  the  non-argentiferous,  ores  and  products 
are  worked  separately.  There  are  two  smelting-works  running.  The 
Altgebirg  has  the  preliminary  work  and  production  of  copper. 

446.  The  following  are  the  dififerent  manipulations : 
I.  Smelting  for  argentiferous  matte. 

II.  Smelting    of    the    roasted   argentiferous    matte,    {Bostdurch- 
stechen.) 
III.  Smelting  of  the  roasted  lead-products. 
lY.  Extraction  of  silver  from  black  copper, 
y.  Reduction  of  the  dross  and  sweepings. 
YI.  Smelting  of  the  furnace-dross,  resulting  from  the  smelting  of  the 

non-argentiferous  copper-ores,  {gelbfabzugschmelzen.) 
Yll.  Eefining. 

*  In  the  year  1858,  at  the  Schemnitzer  HUtte,  the  combined  methods  of  sil  ver-extrae- 
tion,  according  to  Ziervogel,  and  gold-extraction,  according  to  Plattner,  were  adopted 
for  the  extraction  of  silver  and  gold  from  the  matte. 

The  manipulations  in  this  process  are  as  follows : 

a.  Smelting  of  the  poor  argentiferoas  pyritous  ores  for  matte. 

&.  Crashing  the  matte. 

0.  Roasting  the  finely  crashed  matte.  The  object  of  this  operation  was  to  transfonn 
the  argent  snlphide  contained  in  the  matte  into  argent  salphate. 

d.  Dissolving  the  silver  oat  of  the  roasted  powder  with  hot  water  and  the  precipita- 
tion of  the  same  with  copper. 

e.  Precipitation  of  the  copper  in  solution  from  which  the  silver  has  been  extracted 
by  means  of  old  iron. 

/.  Chlorination  of  the  residue 'from  t^e  silver-extraction  in  order  to  transform  the 
gold  into  gold  chloride. 

g.  Dissolving  the  gold  chloride  formed  in  hot  water  and  precipitation  of  same  by 
means  of  an  iron-vitriol  solution. 

The  residues  from  this  extraction  process  are  used  as  a  basic-flux  in  the  smeltioj; 
operations. 

It  cost,  in  1862,  36  florins  to  extract  a  mint-pound  of  aurifexoiM  silver  aooording  to 
this  process. 

Although  the  ores  treated  by  this  process  have  never  contained  more  than  0.09  per 
cent.  =  26  oz.  5  dwt.  auriferous  silver,  still  the  results  could  not  be  compared  wltli 
those  obtained  with  the  "  Reich  verbleiung"  operation;  consequently,  in  the  year  1864, 
the  above  procefs  of  extraction  was  done  away  with. 
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447,  J.  Smelting  for  argentiferous  matte, — Argentiferous  copper-ores 
and  unroasted  farnace-dross  from  the  same  operation  are  utilized  by  this 
manipulation.  The  following  is  the  average  ^^  make-np^  of  a  smelting- 
charge  for  the  years  1868, 1869,  and  1870  : 

Per  cent. 

Argentiferous  copper-ore 97.33 

Unroasted  farnace-dross 2.67 

Limestone 80.00 

Slag  resulting   from  the  smelting  of  roasted 
matte 59.00 


I  =  100  per  cent. 


The  smelting  was  conducted  in  two  blast-furnaces,  28  feet^high,  with 
two  tuyeres.  This  manipulation  has  for  its  object  the  concentration  of 
all  the  copper  and  silver  into  a  matte.  The  products  of  this  manipula- 
tion and  their  amount  in  percentage  from  the  above  charge  were  as 
follows : 

1.  Raw  matte,  24.69  per  cent.,  carrying  34.68  per  cent,  copper  and 
0.156  mint-pound  =  45  oz.  6  dwt.  13.92  gr.  silver. 

2.  Antimonial  speiss,  amounting  to  0.89  per  cent.,  and  containing  25.08 
per  cent,  copper  and  0.204  mint-pound  =  59  oz.  9  dwt.  7.68  gr.  silver. 

3.  Baw  furnace-dross,  2.70  per  cent.,  containing  4  per  cent,  copper 
and  0.010  mint-pound  =  2  oz.  18  dwt.  4.80  gr.  silver. 

There  was  no  loss  in  metal  of  any  kind.  The  quantity  put  through 
each  furnace  in  twenty-four  hours  was  78  cwt.  of  ore  and  dross.  The 
consumption  of  fuel  per  100  cwt.  amounted  to  166  mass,  or  1,075  cubic 
feet 

The  raw  matte  is  roasted  twelve  times  in  free  heaps.  The  consump- 
tion of  wood  was  equal  to  7.72  cubic  feet  per  hundred-weight  of  matte. 

448.  IL  Smelting  of  the  roasted  argentiferous  matte,  {BostdurchstecTien.) 
— Besides  the  roasted  matte,  roasted  copper-oberlech,  (matte,)  dross, 
unroasted  speiss,  (on  account  of  the  easier  breaking  up  of  the  black 
copper,)  and  siliceous  argentiferous  copper-ores  are  treated  in  this 
manipulation. 

The  average  smeltingcharge,  in  per  cent.,  for  three  years,  was  as  fol- 
lows: 

Cwt. 

Boasted  matte 68. 80 

Oberlech  matte 12.44 

Furnace-dross 3. 70 

Speiss 2.30 

Ore 12.76 


Total 100.00 

The  smelting  was  conducted  in  low  blast-furnaces,  having  two  tuyeres ; 
50  to  80  per  cent  slag  from  the  matte-smelting  was  added  to  the  above 
charge.  The  products  from  this  manipulation  in  treating  the  above 
charge  were  as  follows : 
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Per  cent,  of 
the  prodnetioD. 

1.  Black  copper 38.84 

2.  Oberlech 12.30 

3.  Dross 3. 70 

The  oberlech  and  dross,  after  having  been  roasted,  pass  through  the 
same  operation  again,  while  the  black  copper,  containing  80  to  85  per 
cent,  copper  and  0.250  to  0.256  mint-pound  ==  74  oz.  13  dwt.  13.92  gr. 
silver,  is  sent  to  the  silver-extraction. 

There  was  put  through  in  twenty-four  hours  76  cwt  of  charge,  and 
the  consumption  of  fuel  per  100  cwt.  of  same  amounted  to  80.11  moM, 
or  517.71  cubic  feet. 

449.  IIL  Smelting  of  the  roasted  lead-products^  {RostdurchstecheiAlei' 
'^her  Oeschicke.) — The  copper-matte  from  thevsilver-smelting  works,  and 
also  the  silicious-argentiferous  copper-ores,  are  tneated  in  this  operation. 
This  operation  is  incidental  with  the  former  roasting-operation.  The 
followii^  are  the  products  of  the  operation  : 

1.  Black  copper,  sent  to  the  black-copper  extraction-furnace. 

2.  Oberlech  i  ,,         .   . , 

^   D  I  ^^^^  through  the  same  operation. 

450.  IV.  Uxtracthn  of  black  copper, — By  this  operation  black  copper, 
free  from  lead,  and  that  also  which  contains  lead,  are  treated  together, 
in  a  certain  proportion  to  each  other;  also,  cement-copper,  oxide  of  cop- 
per, liquated  copper,  rich  dross,  &c.  The  following  are  the  various 
operations : 

1.  Preliminary  operations,  consisting  in — 

a.  Breaking  of  the  black  copper  into  pieces,  which  is  partly  accom. 
X)lished  in  the  operation  of  smelting  for  matte. 

b.  Crushing  and  stamping  the  black  copper  and  assortment  of  the 
Uack-copper  crushings. 

vC.  Ghloridizing-roasting  of  the  black  copper-crushings  by  means  of 
-salt ;  a  difference  is  also  made  in  this  operation  between  the  preliminaiy 
roasting  and  good  roasting,  as  the  length  of  the  operation  depends  upon 
the  amount  of  salt  used,  and  this  again  upon  the  percentage  of  copper 
•and  silver  contained  in  the  charge.  The  operation  generally  lasts  ten 
^ours  when  10  per  cent,  of  salt  is  used  for  chloridizing  a  charge  con- 
taining 0.250  mint-pound  =^  72  oz.  17  dwt.  14.40  gr.  silver.  The  sue 
cess  of  the  extraction  greatly  depends  upon  the  perfection  of  the 
roasting. 

d.  Screening  and  sorting  of  the  roasted  black -copper  crushings.  The 
lumps  of  incompletely  roasted  matte,  after  having  been  separated  from 
the  well  roasted,  are  ground  to  powder  and  then  roasted  over  again. 

2.  Extraction  of  the  well  roasted  black-copper  crushings. 

a.  Lixiviation  of  the  roasted  powder  with  cold  solution  of  salt ;  the 
products  are:  Bich  solution,  out  of  which  the  silver  is  precipitated; 
poor  solution,,  from  which  the  copper  is  precipitated. 
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ft.  Washing  of  the  extracted  powder  with  hot  water ;  the  wash- water 
is  carried  to  the  solution  oat  of  which  the  copper  is  to  be  precipitated. 
It  takes  on  an  average  fifteen  hoars  to  lixiviate  a  charge  of  400  to  500^ 
pounds.  The  wasted  residue  is  tested  for  silver ;  if  it  contains  O.OOS^ 
mint-pound  =  2  oz.  12  dwt.  11.52  gr.  silver,  or  less,  the  same  is  givea 
over  to  the  copper-mauipulation ;  if  it  contains  over  0.009  mint-pouud 
=  2  oz.  12  dwt.  11.52  gr.  silver,  it  is  damped  on  a  warm  place,  where  th& 
process  of  chlorinatiou  continues  of  itself,  and  after  some  time  it  is. 
again  lixiviated. 

c.  Precipitation  of  the  silver  from  the  rich  solution  by  means  of  copper- 
grannies.  The  cement-silver  produced  in  this  manner  is  washed  out 
with  hot  water,  pressed,  dried,  and  melted  in  a  graphite  crucible,  witb 
a  slight  addition  of  borax  and  potash.  The  melted  silver  is  poured  into 
molds,  and  sent  to  the  miut  in  Kremnitz. 

d.  Precipitation  of  the  copper  from  the  desilverized  rich  solution,  poor 
solution,  and  wash-water  with  iron.  The  cement-copper,  produced  m 
this  manner,  and  which  always  contains  some  silver,  again  passes 
through  the  process  of  extraction. 

In  1868, 1869,  and  1870  there  was  treated,  inclusive  of  the  interme- 
diate products  obtained  by  the  process,  9,267  cwt.  51  lbs.  ore,  carrying 
7,103  cwt.  60  pounds  copper  and  2,908.718  mint-pounds  silver.  The  pro- 
duction was :  metallic  silver,  2,620.829  mint-pounds ;  by-products  and 
residues,  221.092  mint-pounds;  with  7,102  cwt.  76  lbs.  copper.  Total 
7,102  cwt.  76  lbs.  copper  and  2,841,921  mint-pounds  silver. 

Loss  in  copper  was  equal  to  0.01  per  cent.,  in  silver  2.27  per  cent.  = 
661  oz.  14  dwt.  4.80  gr. 

451.  F.  Reduction  of  residues, — This  operation  treats  the  extraction- 
residues,  copper-dross,  unroasted  "^eZ/'o&cWecA,'' (copper-matte,)  reflning- 
dross,  cement- powder  and  products  from  the  ^^  Ifetisohler  Kupferhammer,^^ 
The  object  of  this  operation  is  the  reduction  of  the  residues  from  the 
extraction-operation  and  the  desulpburization  of  the  matte.  This  is 
effected  at  a  red  heat,  by  means  of  the  mutual  reaction  of  the  oxides  upon 
the  sulphides,  whereby  sulphuroas  acid  is  formed  and  disengaged.  This 
manipulation  is  conducted  in  a  ^^  spleissofen^  (refining-furnace.)  The 
following  are  the  products  of  this  operation : 

1.  Beduction-copper,  which  is  refined. 

2.  Beduction-dross,  ^ 

3.  Reduction-matte,  ?  go  to  the  dross-smelting, 

4.  Beduction  <<  abstrich,''  ) 

452.  TL  ^^OelfabzugscUmelzen^  smelting  of  non-argentiferous  dross. — 
The  reduction  dross,  matte,  and  abstrich,  reflning-dross,  reflning- 
abstrieb,  and  hearth,  copper-scales,  furnace-dross,  and  non-argentiferous 
ores  are  treated  in  this  manipulation.  This  operation  is  similar  to  the 
other,  the  only  difference  is,  that  it  is  conducted  in  low  blast-furnaces^ 
The  following  are  its  products : 

1.  Gelf-dross  copper,  which  is  refined. 
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2.  Gelf-dross  matte,  goes  to  the  residae-redaction. 

3.  Gelf  dross  furnace  dross,  to  pass  throngli  the  same  operation  again. 

453.  TIL  Befining. — ^Non-argentiferous  copper,  reduction-copper,  "ma- 
traer"  copper,  and  copper-scales  are  treated  in  this  operation.  The  ope- 
ration is  conducted  in  an  ordinary  refining-furnace,  using  wood  as  fael. 
The  products  of  this  operation  are  : 

1.  Eefined  copper,  which  is  taken  to  the  copper-mill  in  Neasohl. 

2.  Granulated  copper,  used  for  precipitating  the  silver  in  the  rich 
solution. 

3.  Beflning'dross,    ^ 

4.  Befining-hearth,  >  taken  to  the  dross  smelting. 

5.  Crucible-dross,    ) 

454.  Total  costs  of  the  copper-smelting  during  the  years  1868, 1869, 

and  1870: 

Altgebirg, 

^  FL        Kr. 

I.  For  smelting  for  argentiferous  matte »  ^^  ^^  ^. 

II.  For  resmelting  of  roasted  argentiferous  matte  )  '  * '        '     "" 

Tajova. 

III.  Smelting  of  roasted  lead-ore 6, 581   87J 

IV.  Extraction  of  black  copper 29,202   76 

V.  Eeduction  of  residues 11, 803  85 

VI.  Smelting  of  non-argentiferous  dross 8, 416  82 

VII.  Refining 11,658  35J 

Total ; 132,746  20.J 

The  costs  of  I,  II,  III,  V,  VI,  and  VII  belong  to  the  copper-produc- 
tion, IV  to  the  silver-production.  Production  of  refined  copper,  8,600 
cwt.  77 J  lbs.;  production  of  silver,  2,620,892  mint-pounds. 

The  expense,  therefore,  for  the  production  of  a  hundred-weight  of  re- 
fined copper,  worth  60  florins,  12  florins  03  kreutzer.  The  production 
of  a  mint-pound  of  silver,  worth  45  florins,  11  florins  14  kreutzer. 

455.  C.  RE-IMBtTRSEMENT  OF  OEES  AND  SLIMES  FBOM  THE  MINES  BY 

THE  Lower  Hungarian  Government  Smelting- Works.— At  the 
present  time  there  are  two  regulation-tariffs  for  the  purchase  of  ores, 
slimes,  &c. 

I.  For  gold,  silver,  lead,  and  lead-copper  ores. 

II.  For  argentiferous  and  non-argentiferous  copper-ores. 

In  planning  the  tariff,  the  actual  costs  of  metallurgical  treatment  from 
the  previous  year  were  taken  for  its  basis,  at  the  same  time  taking  into 
consideration  the  increased  price  of  fuel  and  wages,  which  has  taken 
place  since  that  time. 

For  the  planning  of  the  present  regulation-tariff,  that  is,  for  the  pres- 
ent year,  1873,  the  results  of  manipulation  for  the  years  1863, 1869,  and 
1870  were  taken  as  a  basis  upon  which  to  construct. 
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The  Vienna  centner  (hundred- weight) =112  zoU-pounds,  serves  as  the 
weight  anit  in  the  purchase  of  all  ores. 

Purchasable  ore ;  all  ores  in  which  the  metallic  value,  capable  of  ex- 
traction, is  not  completely  covered  by  the  "metal-calo"  and  the  gold 
reduction  given  below. 

The  purchase-price  of  the  gold  is  fixed  at  697  florins  50  kreutzer,  "  O. 
W.,''  in  gold  per  mint-pound  j  for  silver,  45  florins.  The  price  paid  for 
the  copper  and  lead  depends  upon  the  market  price.  At  present  12 
florins  75  kreutzer  is  paid  for  lead,  (paper  money,)  and  for  copper  49 
florins  per  cwt 

The  assay-sample  for  ores  and  slimes  is  generally  taken  from  100  cwt. 
Their  metallic  contents  are  then  determined,  the  various  assay-results 
averaged ;  then  the  worth  of  the  ore,  &c.,  is  calculated  from  the  aver- 
age assay-result,  and  paid  for  according  to  existing  and  known  regula- 
tions. 
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Assay  tariff. 


1.  Golcl-aaaay: 

a.  Argentiferous  dross  containiDg  fh>ra  0. 000  to  0. 030  mint-ponnds  A  a.  Ag. . 
Argentiferoas  dross  containing  from  0. 030  to  0. 060  mint-pounds  Au.  Ag. . . 
Argentiferous  dross  containing  from  0. 060  to  0. 100  mint-pounds  Au.  Ag. .. 
Argentiferous  dross  containing  from  0. 100  to  0. 300  mint-pounds  An.  Ag. .. 
Argentiferous  drois  containing  fh>m  0. 200  to  highest  mint-pounds  Au.  Ag. . 

b.  Lead-dross  containing  from  0. 000  to  0. 030  mint-pounds  An.  Ag 

Lead-dross  containing  from  0. 030  to  0. 060  mint-i>onnds  An.  Ag 

Lead-dross  containing  from  0. 060  to  0. 100  mint-pounds  Au.  Ag 

Lead-dross  containing  from  0. 100  to  0.  SOO  mint-pounds  Au.  Ag 

Lead-dross  containing  from  0. 200  to  highest  mint-pounds  Au.  Ag 

2.  Silver-assay  01  ores,  slimes,  mattes,  &o.., 

3.  Lead-assay  of  ores,  slimes,  mattes,  &o 

4.  Copper-assay  of  ores,  slimes,  mattes,  &o 

5.  Silver-assay  of  lead-metal 

6.  Matte-assay  of  ores,  slimes,  mattes,  &c 

7.  Silver-assay  of  blick-tUcer 


Assay. 


Examination. 


Fl8. 

14 
9 
6 
4 
3 

12 
8 
6 
4 
3 


Kr. 
07 
12 
60 
63 
86 
40 
31 
74 
56 
41 
31 
43 
66 
7 
23 
14 


Purchase. 


Fit. 

28 

18 

13 

9 

6 

24 

16 

13 

9 

6 


1 
1 


Kr. 
14 
24 
20 
36 
53 
80 
63 
48 
12 
83 
93 
S» 
98 
31 
69 
43 


457.  Metallic  deduction, — 1.  Oold  and  silver, — There  is  no  allowance 
made  for  loss  in  gold  and  silver  in  the  assay  of  ores  and  slimes.  In  the 
assay  of  anriferous-argentiferous  copper-dross,  poor  in  lead,  and  dross 
containing  copper,  gold,  and  silver,  also  mint-sweepings  and  sweepings 
from  other  establishments,  and,  lastly,  rich  lead,  2  per  cent  is  subtracted 
from  the  amount  of  gold  and  silver  found  in  assay. 

458.  2.  Lead-contents, — In  determining  the  lead-deduction  for  the  dif- 
ferent lead-ores,  the  quj^ntity  of  slag  which  they  would  produce  was 
taken  into  consideration ;  for  pyritous  lead-slimes  a  small  ^^  lead-.calo  ^ 
is  put  in,  as  well  as  for  sllicious  lead-ores  having  the  same  metallic  con- 
tents. 

In  the  year  187a|fchere  was  put  in  the  purchase-tariff  for  lead-percent- 
age in  the  lead-dross,  the  following  deductions,  irrespective  of  the  aurif- 
erous silver-contents : 


Lead  contents  in  a  Vienna  centner. 

. 

10-19 

20-29 

30-39 

40-49 

50-59 

60-hig]|. 
est. 

m 

Lead  deduction  in  percentage. 

Of  lead-ores  and  lead-ooDDer  ores 

83 
15 

19 
13 

16 
11 

13 
9 

10 
7 

7 

Of  lead-slimes  and  lead-coDoer  slimes 

6 

459.  SMELTiNa  EXPENSES. — In  determining  the  smelting-cost  of  ores, 
slimes,  sweepings,  &c.,  containing  different  amounts  of  the  metals,  the 
amount  of  slag  producible  from  them  was  also  taken  into  consideration^ 
and  in  the  year  1873  the  following  smelting-costs  were  put  in : 
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(a)  Of  sUver-ores,  fo. 


Gold  and  silver  conteata. 


Having  a  matte  contents  per  tanndred-ireight  is 

pounds. 


0-19 


30-29 


30-39 


40-49 


50-59 


60-64  65-68 


■RMX) 


Cost  in  kreatzer  of  a  Vienna  centner  for  smeltiBg. 


Containing 
mony. 


no  zinc  or  anti- 


Containing  antimony' 


Containing  zinc. 


fFrom  0.001  to  0.100. 

From  0.100  to  0.200. 

From  0.200  to  0.300. 
.  From  0.300  to  OO  - . 
fFrom  0.001  to  0.1 00 

From  0.100  to  0.200. 

From  0.200  to  0.300. 

From  0.300  to  oo  .. 
rFrom  0.001  to  0.100. 

From  0.100  to  0.300. 

From  0.200  to  0.:iOO. 

From  0.300  to  oo  .. 


351 

217 

183 

149 

65 

48 

81 

254 

224 

194 

164 

104 

69 

44 

261 

234 

207 

180 

123 

90 

66 

267 

243 

219 

195 

141 

109 

87 

278 

344 

310 

176 

113 

75 

48 

278 

848 

218 

188 

128 

93 

68 

278 

351 

824 

197 

140 

107 

83 

279 

355 

231 

307 

153 

131 

99 

291 

257 

223 

189 

125 

88 

61 

291 

361 

331 

301 

141 

106 

61 

291 

364 

337 

SIO 

153 

120 

96 

292 

808 

344 

320 

166 

136 

112 

tl8 

to 

*+« 
fl8 
t» 
t55 

•-:-  7 
tH 
tl9 
t« 


•  Preminm. 


t  Figures. 


(h)  Of  lead-ores f  ^c. 


Contents  in  gold  and  silver. 


Lead  contents  per  hundred- weight 


10-19 


90-39 


30-39 


40-49 


50-^ 


60-00 


Nnmbers  for  each  hnndred-weight 
krentser. 


■c 
51 

c 


a 


{'Containing  no  An.  Ag. 
l5;Sl!:Sl!itoS:J!S::: 


per  ores. 


Pyritons  lead-slimes  and  lead-cop- 
per slimes. 


(From  0.200  to  0.300... 

(From  0.300  to  oo 

f  Containing  no  Au.  Ag. 

From  0.001  to  0.100... 

From  0.100  to  0.200... 

From  0.200  to  0.300... 
(From  0.300  to O.OO  ... 


493 

424 

355 

386 

217 

507 

438 

969 

890 

131 

535 

466 

397 

388 

SS9 

564 

495 

436 

357 

888 

592 

523 

454 

:{85 

316 

227 

300 

173 

146 

119 

241 

214 

1% 

160 

133 

269 

243 

188 

161 

898 

271 

344 

817 

190 

326 

299 

372 

345 

818 

148 
168 
190 
919 
847 
98 
106 
134 
163 
191 


10 

a 

109 


Aariferoas-arifeiitiferoas  copper-dross,  poor  in  lead,  is  considered 
«qnal  to  silver-dross  when  it  contains  at  least  5  to  9  per  cent,  lead  and 
1  per  cent,  copper.  Copper-dross,  however,  when  containing  10  per 
cent,  and  over  of  lead  per  cwt.,  costs  the  same  as  lead-dross  for  smelt- 
ing. Besides  this,  the  anriferons-argentiferous  copper-dross  carrying 
lead  and  aariferous-argentiferous  dross  containing  copper  must  pay  for 
extraction  4  kreutzer  per  poand  of  refined  copper,  and  for  prodaction 
of  copper  2J  kreutzer  per  pound  of  refined  copper. 

460.  €,  Cost  of  superintendence  of  smelting-operations. — For  the  costs 
of  superintendence  5  per  cent,  is  deducted  from  the  cost  of  smelting. 

461.  /.  Cost  of  administration. — Two  per  cent,  is  also  deducted  for 
these  costs.    The  dedactions  in  a,  6,  and/ are  payable  in  paper  money. 

462.  g.  Interest  on  the  purcJiasing-capitaL — ^From  the  calculated  free- 
gold  contents  of  the  products  which  contain  over  0.200  mint-pound,  2 
per  cent,  is  deducted ;  when  they  contain  less  than  this  amoant,  3  per 
cent,  is  dedncted.    From  the  gold,  the  percentage  deducted  is  in  gold; 
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and  from  silver,  in 'silver  money;  but  for  copper  and  lead,  the  deduc- 
tion is  payable  in  paper  money. 

463.  h.  Duty  for  gold-extraction. — For  every  mint-pound  of  auriferous 
silver  there  is  a  tax  of  1  florin,  gold. 

464.  i.  Mint-charges. — One-half  x>er  cent,  of  the  value  of  the  gold  and 
1  per  cent,  of  the  value  of  silver  is  deducted  for  coining. 

465.  Example. — Purchased  100  cwt.  (dry  weight)  of  auriferous  slimes, 
carrying  on  an  average  0.300  mint-pound  =  87  oz.  8  dwt.  14  gr.  aurifer- 
ous silver,  the  same  containing  0.013  gold  per  mint-pound  (=3  oz.  15 
dwt.  16.32  gr.  gold  per  ton  of  2,000  pounds)  of  silver  and  with  50  per 
cent,  matte. 

Metallic  contents  in  mint-pounds. 

FL    Kr,  FL    Kr.        FL    Kr. 

Silver,  29.610  per  mlnt-poand,  45  florins  value 1, 333    45 

Ciold,  0.300  per  mint-pound,  697.50  florins  valae 873    0Sl5 

..        ..        1,604    47.5 

DEDUCTIONS. 

Assay-tax : 

Gold-assay 6    58 

Silver-assay 68 

Matte-assay 69 

7       83 

Smeltlng-oosts  per  hnndred-weiKlit  with  a  matte  contents  of 

50  pounds,  1  florin  41  kreutzer  per  100  hundred-weight 141 

Cost  of  administration,  5  per  cent  of  the  smelting-costs 7       05 

Chief  snperintendship  costs,  8  per  cent 8       68 

Gold-extraction  tax,  1  florin  per  mint-pound  auriferous  sUver 30 

Mint- tax  of  value  of  gold,  I  per  cent 1    36 

Mint-tax  of  value  of  silver,  1  per  cent 13    38 

14       68 

Total  deduction 803    38 

Kemaining  metallic  value 1,401    09.5 

Therefrom  8  per  cent 88    08 

Bemaining  balance  in  money 1,3T3    07.5 

The  total  free  value  of  a  Vienna  centner  containing  the  above  amount 
of  auriferous  silver  is,  therefore,  13  florins  73  kreutzer,  or,  per  zoll-cent- 
ner,  12  florins  26  kreutzer, 

466.  II.  PUECHASE-REGULATIONS  FOB  AEGENTIFEKOUS  AND  NON- 
ARGENTIFBROUS  COPPEB-ORES  AND   OTHER  COPPER  PRODUCTS. 

Eedemption,  assay,  averaging  of  assay  results,  and  payment  are  per- 
formed according  to  the  known  regulations. 

Purchasable,  every  amount  of  copper  product  from  which  the  pro- 
ducible metallic  contents  is  not  covered  by  the  money  deduction  as 
given  below. 

a.  An  a^say-tax  is  deducted  from  every  load  purchased. 

Examination.     Parchase. 
Krentzer.  Fl.  Kr. 

1.  Copper-assay 52  1  66 

2.  Silver-assay 33  99 

6.  The  equalization  of  the  assay  is  done  in  the  same  manner  as  in 
the  silver-lead  tariff. 
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c.  Metallic  deduction. 

1.  Copper-deduction. 

The  resalt  obtained  by  fire-assay  of  the  ores,  slimes,  and  metallargical 
products  remains  uuchanged ;  that  is,  there  is  no  deduction  made  for 
the  loss  in  copper  in  the  assay,  but  from  the  industrial  and  mint  pro- 
ducts and  sweepings,  1  per  cent,  copper  is  put  in. 

2.  Silver-deduction. 

The  deduction  for  the  manipulation  of  silver  is,  when  containing  less 
than  24  pounds  copper,  9  per  cent. ;  when  containing  from  24  to  69 
pounds  copper,  7  per  cent,  j  when  containing  from  70  to  co  pounds  co[>- 
per,  3  per  cent. 

Sweepings,  mint,  and  industrial  products,  must  deduct  for  "  silver- 
calo.'^  When  containing  less  than  24  pounds  copper,  10  per  cent. ;  when 
containing  from  24  to  69  pounds  copper,  8per  cent. ;  when  containing 
from  70  to  00  pounds  copper,  4  per  cent. 

d.  There  is  demanded  for  costs  of  smelting  products : 

1.  Cost  of  copper  production  from  every,  hundred-weight  ore,  &c^ 
containing  less  than  24  pounds  of  copper,  2  florins  36  kreatzer ;  con- 
taining from  24  to  69  pounds,  2  florins  22  kreutzer ;  containing  from  70 
to  CO  ponnds,  1  florin  36  kreutzer. 

2.  Cost  of  desilverization  for  every  pound  of  copper  is  4  kreutzer. 

3.  For  administration  .of  smelting- works  there  is  a  deduction  of  17i)er 
cent,  of  the  smelting  costs. 

4.  Chief-superintendentship,  a  deduction  of  4  per  cent.,  as  above. 

e.  For  coining  there  must  be  paid  in  silver  coin  1  per  cent*  of  tlie 
amount  of  silver  produced. 

/.   Interest  for  delay  on  the  purchasing-capital  =  3  per  cent. 

The  net  profit  of  the  silver  and  copper  smelting- works  is  divided  among 
the  sellers  according  to  the  amounts  sold  by  each  and  also  according  to 
the  determined  metallic  value  of  the  smelted  products.  This  division 
is  made  annually  after  the  calculations  have  been  proved  to  be  correct, 
by  appointed  commissioners.  If  there  should  be  a  loss,  however,  the 
same  is  charged  to  the  sellers  in  the  next  year  in  proportion  to  the 
smeltingcosts. 

D.  GENERAL  CONSIDEKATIONS  UPON  THE  LOWER  HUNGARIAN  MET- 
ALLURGIOAL  PROCESSES  AliD  FURTHER  COMPARISON  OP  THE  TAR- 
IFFS FOR  THE  PURCHASE  OF  ORES  AND  METALLURGICAL  PRODUCTS 
AT  THE  GOVERNMENTAL  SMELTING- WORKS  IN  THE  UPPER  HABZ 
AND  FREIBERG,  WITH  THE  PURCHASE-TARIFF  IN  VOGUE  AT  SCHBM- 
NITZ. 

467.  If  one  follows  the  Lower  Hnngarian  smelting  processes  since  the 
year  1852  np  to  1873,  it  will  be  perceived  that  from  year  to  year  im- 
provements have  been  made,  especially  in  the  smelting  manipnlationa 
In  1862,  for  example,  the  production  in  twenty-four  hours  by  the  ^'  Beich- 
verbleiung''  process  was  scarcely  26  cwt.,  while  at  the  present  time  the 
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same  reaches  50  Vienna  cwt  =  d6Zo11-cwt.attheSchemnitzerand  Dillner 
Hiitte,  and  with  diminished  consamption  of  fael,  as  compared  with  for- 
mer years.  Also  with  the  cnpellation  operation  there  is  no  fanlt  to  be 
found,  the  lead-loss  being  only  5  per  cent.,  whereas  at  other  works  the 
same  lies  between  7  and  10  per  cent. 

The  mining-acconnts  give  as  proof  of  the  advancement  made  in  the 
Lower  Hnngarian  metallnrgical  processes,  for  examples : 

In  the  year  1852,  the  Johann-Kepomnker  Gewerkschaft  sold  206  mint- 
pounds  of  auriferous  silver,  having  the  calculated  value,  according  to 
the  ore-tarifif,  of  65,165  florins  31  krentzer,  or,  per  mint-pound,  of  35 
florins  18  krentzer.  In  the  year  1872,  the  same  mining  company  sold  ore 
of  the  same  assay- value,  and  containing  633,231  mint-pounds  aurif&rous 
silver,  and  received  for  the  same,  according  to  the  ore-tariS,  the  sum  of 
27,671  florins  89  krentzer,  or,  per  mint-pound,  43  florins  69  krentzer.  If 
now  the  lawful  tax  of  the  year  1852,  of  3  florins  50  krentzer  per  mint- 
pound  auriferous  silver,  be  deducted,  we  have  a  difference  (43.69  — -  350)  — 
(35.18)  =  5  florins  per  mint-poujid  auriferous  silver  in  favor  of  the  ore- 
tariff  of  the  year  1872,  which  can  only  be  explained  by  the  diminished 
smelting  and  administration  costs.  This  can  also  be  shown  in  the 
trades  made  by  the  other  mining-companies. 

On  the  other  hand,  from  year  to  year,  the  price  of  wages  and  fuel  have 
been  continually  on  the  increase ;  in  1852  a  roaster  received,  per  shift, 
42  kreutzer,  a  smelter  50  krentzer.  In  1872  a  roaster  received,  per 
shift,  70  kreutzer,  a  smelter  80  kreutzer.  Fuel,  per  "mass,"=6.4  cubic 
feet,  cost,  in  1852,  35  kreutzer.  Fuel  per  mass,  1872,  cost  80  kreutzer. 
When  all  this  is  taken  into  consideration,  one  will  clearly  perceive 
that  the  metallurgical  operations  have  made  great  progress  in  improve- 
ments. 

468.  In  order  tohavea  clear  idea  of  how  the  Lower  Hungarian  smelting 
costs  compare  with  those  of  other  metallurgical  establishments,  the 
author  will  take  the  smeltiug-works  of  the  Upper  Harz  and  Freiberg  as 
examples,  which  stand,  as  is  well  known,  in  the  first  rank  in  Germany, 
by  their  perfect  preliminary  treatment  of  their  products,  accompanied 
with  the  profitable  production  of  all  the— to  the  smelting  operations — 
disadvantageous  ingredients,  such  as  sulphur,  arsenic,  zinc,  &c.,  and  by 
their  treatment  of  immense  quantities. 

In  the  ^^  Berliner  Zeiisohrift  fur  das  Berg-B'Htcn  und  Salinentoesenj^ 
which  published  in  1872  the  new  ore-tariffs  of  tL  j  Upper  Harz,  Freiberg, 
and  the  Mansfeldischen  Gewerkschaft  in  Eiselben,  it  reads  in  Circular  2 
of  Junel,  1871:  ^'Itis  the  intention  of  the  undersigned  smelting-ad- 
ministrations  to  give  the  greatest  possible  enco  uragement  to  the  import 
ation  of  foreign  ores  to  German  harbors,  for  the  interests  of  German 
industry ;  and  for  the  purpose  of  effecting  this  object,  the  prices  stated 
in  the  following  tariff  for  ores  have  been  placed  at  such  a  high  figure 
that  only  the  interest  upon  the  working  capital  and  the  costs  of  manipu- 
lation are  covered  with  any  certainty,''  &c. 
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As  tbe  Scbemuitzer  ore-tariff  for  1873  was  coostracted  on  the  same 
principle,  the  aathor,  in  order  to  solve  the  above  question,  makes  a  com- 
parison here  of  both  tariffs. 

I. — Table  far  iilver-ores. 
[Ejremnits  aDriferooa  alimes.] 


Contents  per  Vienna 
cendier. 

Contents  per  Zoll- 
centner. 

Payment  according  to  the  ore-tariff  of— 

^^ 

^^ 

^:^e2 

■2a 

Greater  or  nDiUcr 

li 

«B       g 

i 

a    '9 

Sctaemnits, 

Ix>wer  Hnn- 

price  ia  eoapv 
iwa  vith  \ki 

1 

g 

K»ry. 

Upper  Hmafri 

1 

U^ag 

^ 

l^i 

Freiberg  un£ 

1 

^"SII 

s 

g 

S 

^"sy 

1 

Amount 
pound 
pound 

s 

1 

1 

Amount 
pound 
pound 

H 

« 

^ 

V.  centner. 

Z.  centner. 

Z.  centner. 

Jfinllbff. 

MiiUlbi. 

lOnt  Ibff. 

MintU>§. 

& 
1 

Kr, 
32 
39 

FL 
...... 

Kr. 

9a5 

94.5 

Fl 
...... 

Xr, 

Fl 

Er. 

•  •••■ 

'"ioio' 

**"6."s66' 

.  ... 

70 

"  "6.067* 

""6."  6617" 

"ii"' 

•"Ijl"* 

.. 

'  41 

+ 
9 

33 

87 

""'9"* 

98.5 
56 

...... 

'"6.036' 

*""6.'i66" 

•    •    V   • 

70 

*""6."624" 

6.0626 

"m" 

"'^" 

_ 

"»l 

^ 

6 

39 

+2a5 

64 

"i'.m' 

"""6.666* 

TO* 

*""6.'654' 

0.0037 

43 

...... 

"*3** 

"is" 

'"+  * 

"*i"  "ii 
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0.013 

0 

0.058 

0.0011 

9 

30 

9 

06 

3 

45 

1 

» 

a  100 

0.013 

30 

0.088 

O.OOU 

9 

99 

9 

€1 

3 

45 

i_ 

— 

H 

0.100 

0.013 

SO 

0.088 

0.0011 

3 

86 

3 

45 

3 

45 

0 

0 

» 

0.100 

a  013 

60 

0.088 

0.0011 

4 

48 

+  8 

94 

4 

00 

+  7 

49 

3 

45 

+ 
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S5 
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'76" 
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...... 

...... 

•'3*" 

"'45*" 

"+" 

...... 

"w 

0.150 

0.013 

0 

0.132 

0.0017 

4 

93 

4 

40 

5 

49 

1 

e 

0.150 

0.013 

30 

0.132 

0.0017 

5 

45 

4 

86 

5 

49 

_ 

.-       6 

0.150 

0.013 

50 

0. 133 

0.0017 

6 

38 

5 

69 

5 

49 

+. 

— 

9 

0.150 

0.013 

60 

0.132 

0.0017 

6 

75 

+  8 
46 

6 

09 

+  7 

65 

5 

49 

+ 

— 

"6.*i56* 

"'"6.613" 

70 

6.i33 

*"'6."66i7' 

...^.. 

"i" 

'■5'" 

"49" 

...... 

...... 

s 

0.900 

0.013 

0 

0.176 

0.0021 

7 

38 

6 

58 

8 

96 

1 

tf 

0.200 

a  013 

30 

0. 176 

0.0021 

7 

84 

7 

00 

8 

96 

~. 

1 

9 

e.200 

0.013 

50 

0.176 

0.0021 

8 

82 

7 

87 

8 

96 

-. 

— 

9 

0.800 

0.013 

60 

0.176 

0.0021 

0 

19 

8 

91 

8 

96 

» 

» 

0.900 

0.013 

70 

0.176 

0.0021 

10 

09 

8 

94 

8 

96 

+ 

-> 

tf 

0.500 

0.013 

0 

0.440 

0.0058 

99 

60 

90 

18 

90 

41 

— 

S 

0.500 

0.013 

30 

0.440 

0.0658 

93 

11 

90 

63 

90 

41 

^ 

— 

B 

0.500 

0.013 

50 

0.440 

0.0058 

93 

92 

91 

35 

20 

41 

+ 

— 

H 

0.500 

0.013 

60 

a  440 

0.0058 

24 

25 

91 

65 

90 

41 

a 

0.500 

0.013 

70 

0.440 

0.0058 

94 

95 

99 

97 

90 

41 

+ 

» 

0.800 

0.013 

0 

0.705 

0.0092 

37 

89 

33 

83 

33 

59 

+ 

— 

SI 

0.800 

a  013 

50 

0.705 

0.0092 

38 

91 

35 

00 

33 

59 

+ 

« 

0.800 

0.013 

70 

0.705 

0.0092 

40 

S3 

35 

89 

33 

59 

+ 

p 

1.000 

0.013 

0 

0.881 

0. 0116 

48 

08 

49 

99 

43 

95 

-♦• 

— 

CT 

1.000 

0.013 

50 

0.881 

0.0116 

49 

39 

44 

10 

43 

95 

+ 

1.000 

0.013 

70 

0.881 

0. 0116 

50 

43 

45 

09 

49 

95 

+ 

•  ■ 

1.500 

0.013 

0 

1.321 

0. 0174 

73 

56 

65 

67 

64 

50 

+ 

IT 

1.500 

0.013 

50 

1.321 

0. 0174 

74 

97 

66 

83 

64 

SO 

+ 

33 

1.500 

0.013 

70 

1.321 

0. 01T4 

75 

90 

67 

76 

64 

50 

+ 

9( 

9.000 

0.013 

0 

1.760 

0.0932 

99 

03 

88 

49 

86 

85 

♦ 

$7 

9.000 

0.013 

50 

1.760 

0.0239 

100 

35 

89 

59 

86 

85 

-♦• 

Tt 

9.000 

0.013 

70 

1.760 

a0239 

101 

37 

90 

51 

86 

85 

+ 

3 

66 

NOTB.— According  to  the  Upper  and  Freiherg  tariffs,  gold  and  silver  ores  are  only  payable  vhea  t«ai 
paymcDta  per  Zoll-centDcr  amount  to  at  least  fi  thaler  »  3  florins  0.  W. »  $1.42  gold. 
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II. — TahUfoT  lead-ares,* 
A.— QTTABTZOSE,  LEADORESE. 


Contents  in   a  Vienna 
centner. 


« 

O 


Mintlbt. 
0.040 
0.040 
0.040 
0.040 


Mint  Jbt. 
0.015 
0.015 
0.015 
0.015 


la 


1 


30 
40 
50 
60 


Contents  in  a  Zoll-cent- 
ner. 


o 

► 


I 


-«^ 


MitUlbt 
0.035 
0.035 
e.035 
0.035 


•sas 

o  «s  «t 


a 
d 

o 

.11 


0.0005 
0.0005 
0.0005 
0.0005 


la 

"5  a 
cs  e 


30 
40 
50 
60 


Payment  according  to  the  tariff  of— - 


Schemnitz,  Lower  Hnn- 


V.  centner. 


Fl. 
1 
3 
5 

7 


Er. 

17 
8 
5 

10 


ZoU-oent- 
ner. 


Fl 
1 
2 
4 

6 


Kr. 
4 

77 
51 
16 


10    1      •>    " 


ZoU-oent- 
ner. 


Fl 
2 
2 
3 

4 


Kr. 
80 
90 
60 
30 


.2  2-^ 

»9 


i 


•2  *s  siM 


o 


8P.- 


-  1    16 

-  13 

-  91 
+  1    86 


*In  table  I  and  n  the  net  valae  per  "  Zoll-centner"  is  reckoned  ft-om  5  to  10  kreutzer  higher  in  every 
lot,  according  to  the  Upper  Harz  and  Freiberg  tariff^,  than  is  actually  given  in  payment  This  sur- 
plus was  kept  in  for  reason  of  the  silver-contents,  the  author  not  knowing  whether  the  same  is  paid 
for,  and  if  so  how  high. 

B.— PYRIT0U8  LEAD-ORES. 


0.040 

0.015 

30 

0.035 

0.0005 

30 

3 

24 

9 

90 

2 

80 

+        70 

0.040 

0.015 

40 

0.035 

0.0005 

40 

4 

73 

4 

22 

2 

90 

•i-  1  32 

0.040 

0.015 

50 

0.635 

0.0005 

50 

6 

25 

5 

58 

3 

60 

•f  1  98 

0.040 

0.015 

60 

0.035 

0.0005 

60 

7 

54 

6 

73 

4 

30 

+  2  43 

0.030 

0.040 

20 

0.025 

0.0010 

90 

1 

77 

1 

58 

1 

43 

+    15 

0.030 

0.040 

40 

0.025 

0.0010 

40 

4 

68 

4 

18 

2 

97 

+  1  21 

0.030 

0.040 

60 

0.025 

0. 0010 

60 

7 

71 

6 

89 

4 

38 

-f  2  51 

0.040 

0.060 

90 

0.033 

0.0021 

90 

2 

95 

2 

63 

2 

25 

+   38 

0.040 

0.060 

40 

0.033 

0.0021 

40 

5 

86 

5 

24 

3 

78 

4-  1  45 

0.040 

0.060 

60 

0.033 

0.0021 

60 

7 

89 

7 

4 

5 

14 

4-  1  90 

0.050 

0.080 

20 

0.041 

0.0035 

20 

4 

38 

3 

91 

3 

37 

+   54 

0.050 

0.080 

40 

0.041 

0.0035 

40 

7 

36 

6 

57 

4 

90 

+  1  67 

0.050 

0.080 

60 

0.041 

0.0035 

60 

10 

32 

9 

22 

6 

31 

+  2  91 

0.100 

0.100 

20 

0.080 

0.00S9 

90 

10 

1 

8 

94 

8 

33 

+   61 

O.100 

0.100 

40 

0.080 

0.0089 

40 

12 

92 

11 

53 

9 

86 

+  1  67 

0.100 

aioe 

60 

0.080 

0.0089 

60 

15 

95 

14 

24 

11 

29 

-f  3  00 

l^OTB. — According  to  the  Upper  Harz  and  Freiberg  tarifib,  lead-ores  are  only  bought  when  their 
▼alue  amounts  to  2  thaler = 3  florins  0.  W.  =  $1.42  per  hundred-weight. 

As  can  be  seen  by  the  comparison^  the  pa3'ment  of  aariferoas  silver 
and  lead-ores  is,  in  general,  better  according  to  the  Schemnitz  tariff 
than  the  Freiberg  tariff,  &c.,  from  which  we  can  draw  the  conclusion 
that  the  smelting-costs  are,  on  an  average,  lower  at  the  Lower  Hunga- 
rian works  than  at  Freiberg  or  in  the  Upper  Harz,  when  judged  from 
the  tariffs. 

469.  E.  Changes  in  the  Lower  Hungabian  metallurgical  pro- 
cesses.— ^Though  tlie  Lower  Hungarian  metallurgical  works,  up  to  the 
year  1873,  have  good  results  to  show  in  comparison  with  other  works  of 
similar  character,  still  the  continually-increasing  price  of  fuel,  especially 
of  charcoal  and  wood,  and  the  large  administration-costs  of  the  separate 
works,  made  a  complete  change  in  the  metallurgical  process  absolutely 
necessary.  Above  everything  else,  it  was  determined  to  consolidate 
all  the  lead  and  silver  smeltingworks  into  one, and  the  Schemnitzer 
Hiitte,  being  the  most  central,  was  chosen  for  that  purpose. 

The  Neusohler  Hiitte  was  given  up  at  the  beginning  of  this  year,  and 
the  Zsarnowiczer  Hiitte  is  to  be  given  up  toward  the  close  of  same. 
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The  smeltingoperations  will  be  so  condacted  that  large  atnoante caa 
be  smelted  at  once,  aud  so  treated  by  preliminary  processes  that  the  in- 
gredients contained  in  the  ores  that  are  of  disadvantage  to  the  smelt- 
ing-operations,  such  as  sulphur  and  zinc,  will  be  turned  to  profit  The 
Freiberg  smelting- works  were  chosen  as  a  model  in  the  erection  of  the 
works. 

The  Fortschaufelungs-Bostofen  (long  reverberatory  roasting-farnaces) 
have  been  in  operation  since  March,  1873.  The  length  of  the  hearth  is 
52  feet  by  8  feet  wide,  and  they  give  very  satisfactory  results.  Dariog 
the.first^roasting  experiments  in  these  furnaces  wood  was  nsedas  fael; 
afterward  bituminous  coal  was  made  use  of  for  the  continual  work. 

The  smelting  will  be  conducted  in  round  blast-furnaces  of  the  Pilz 
pattern  with  eight  tuyeres ;  the  one  already  erected  has  a  small  ^^sampf." 
The  gases  escape  by  a  canal  in  the  side  of  the  furnace,  throagh  a 
•chimney  30  feet  high.    Coke  will  be  used  as  fuel  in  the  new  furnace. 

The  experiments  to  be  made  upon  the  production  of  zinc  will  first  be 
made  with  the  blendic-pyritous  slimes ;  the  same  will  be  roasted,  and, 
by  lixiviating  with  water,  zinc-vitriol  will  be  produced. 

As  all  the  Schemnitz  lead-ores  carry  more  or  less  zinc,  the  mines  are 
to  be  compelled,  in  dressing  their  ores,  to  separate  them  into  those  rich 
and  poor  in  zinc.  In  order  that  such  a  separation,  which  is  of  great  im- 
portance to  the  smelting-manipulations,  shall  be  carried  into  effect,  the 
smelting-works  are  to  determine  upon  what  amount  of  zinc  contained 
in  an  ore  shall  receive  payment  therefor,  and  how  the  smelting-costs  of 
the  ores  rich  in  zinc  are  to  compare  with  those  poor  in  that  metal. 

Up  to  the  present  time  there  has  been  no  difiference  made  in  the  tariS 
upon  the  smelting-costs  of  ores  containing  an  equal  percentage  of 
lead,  whether  the  same  carry  10  per  cent,  or  30  per  cent  of  zinc 

At  the  St  Michaelistollner  mine  almost  perfectly  pure  zinc  blende 
was  obtained  in  dressing  the  blendic  lead-ores. 

According  to  analysis  made  by  the  author,  the  same  contained : 

SiOa 4650 

Fe 2.625 

CaO 1.600 

Pb L330 

<3u O.150 

Zn , 59.399 

Au.Ag 0.008 

S 30.533 

The  construction  of  a  sulphuric-acid  manufactory  could  not  be  nnder- 
taken,  as  the  financial  ^^  ministerium  "  has  not  as  yet  granted  the  nec- 
essary money.  It  is  desirable  that  this  want  should  be  made  known  as 
soon  as  possible,  for  it  is  to  the  interest  of  the  government,  as  well  as 
the  private  mines,  and  would  also  be  of*advantage  to  the  smeltingworkSi 

that  a  source  of  revenue  should  be  made  of  the  manufacture  of  tbe  sn^* 
phur  contained  in  the  ores  into  sulphuric  acid. 
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From  the  ores  at  our  disposal,  there  could  be  produced  over  60,000 
cwt.  of  sulphurie  acid  yearly. 

By  means  of  smelting  large  amounts  of  ore  and  the  use  of  coke  and 
bituminous  coal,  the  smelting  costs  will  fall  much  behind  those  of  former 
times. 

There  is,  therefore,  a  possibility,  in  consequence  of  the  diminished 
administration  and  smelting  costs,  and,  further,  by  the  turning  to  account 
of  the  sulphur  and  zinc,  that  the  ore-tariff  can  be  made  of  such  advan- 
tage on  the  part  of  the  mining  interests,  that  even  products,  which  at 
Xiresent  must  first  be  concentrated  by  wet-dressing,  in  order  to  reach 
the  demanded  percentage  of  metal,  can  be  sold  with  profit. 

As  now  the  railroad,  which  was  built  by  ^^Montan-Aerar,"  runs  di- 
rectly to  the  smelting-works,  it  will  be  possible  for  distant  mines  of 
Hungary,  and  even  foreign  mines,  to  send  and  sell  their  ores  to  the 
Chemnitz  works,  especially  as  the  works,  according  to  section  22  of  the 
purchase  tariff,  have  no  use  of  the  same,  the  net  profits  of  the  works  for 
each  year  being  divided  among  the  sellers  of  ore  in  proportion  to  the 
amount  delivered  by  each.  Metallurgical  products,  such  as  argentifer* 
ous  matte,  &c.,  are  purchased  according  to  the  same  rules  and  regula. 
tions. 

470.  Survey  of  the  metallurgical  processes  A  and  B. — A. 
At  the  lead  and  silver  smelting-works  Schdmnitzer,  Zsarnoviczer, 
Kemnitzer,  Keusholer,  and  the  Mutual  Dillner  Hutte. 

Mining  products :  a.  Auriferous-argentiferous-pyritous  slimes ;  ft.  auri- 
ferous-argentiferous slimes ;  c.  Gold  and  silver  ores,  raw-ores,  enriching- 
ores,  and  lump-ore ;  d.  Auriferous-argentiferous  lead-ores  and  slimes ;  e. 
Auriferous-argentiferous  lead-copper-ores  and  pyritons  slimes. 

FrodtACts:  /.  Cupels;  g.  dross-slimes;  A.  different  industrial  products. 

Fluxing  material :  i.  Flux-pyrites,  limestone,  iron,  and  slag  from  its 
own  manipulation. 

I.  gMELTING  FOR  MATTE. 

Smelted :  a.    Pyritous    l.  Silver-    c.  Raw    g.  Sweepings  j  i.  Flax,  py-    2.  Furnaoo- 

sliiues.  slimes.         ores.  rites.  dross. 

Produced :  1.  Raw  matte.    2.  Furnace-dross. 

n.  MANIPULATIONS  OF  "  REICHVERBLEIUNG.^' 

1.  Preliminary  operations. 
A, — Roasting  in  reverberatory  furnaces.  A. — Boaeting  in  heaps. 

b.  Silver-    d.  Lead-ores    e.  Copper-ores  and     1.  Raw    7.  Lead-    10.  Matte-   8.  Sweep- 
slimes,        and  slimes.       pyritous  slimes.        matte.       matte.        matte.  ings. 

4.  Roasted  lead,  roasting  charge.    5.  Fumes.  Roasted  products  as  above. 

2. — Chief  manipulations. 

B. — "  Edchverblei  "  smelting, 

4.  Roasted  lead,    1.  Raw    o.  Enrich-    17.  Litharge.     18.  Test  and    7.  Lead-    8.  Dross- 
roasting  charge,    matte,     ing  ores.  "  abstrick."     matte. 

b,  Bioh  lead.    7.  Lead-matte.    8.  Farnace-droas. 

14  M 
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3. — Finishing  manipulations. 

C. — Matle-emelting,  D. — Matie-resmeUing, 

7.  Roasted  lead-matte;  e.  Copper-ore;  17.  10.  Matte,  roasted  matte;  17.  Litharge; 
Litharge;  18.  Test  "dbstnch;"  19.  Fur-  18.  Test  '*  abstrich  ; ''  15.  Famac«- 
nace-dross;  23.  Carcass,  { **  Kienstocke.")        dross. 

9.  Matte-lead;  10.  Matte-matte;  11.  Fur-  13.  Matte-matte  lead ;  14.  Copper-matte: 
nace-accretions,  sweepings.  11.  Furnace-dross,  sweepings. 

III.— CUPELLATION.  IV.— LIQUATION. 

6.   Rich  lead;   9.    Matte-lead;    13.   Matte-    19.  Lead  from  litharge, 
matte  lead ;  c.  lamp-ore. 


17.  Manipulation-litharge;    18.   Test  **ab'    20.  Commercial  lead;  23.  **  KiengUkkt." 
stnch;"  19.  Litharge-lead;  20.  Blick-sil- 
ver ;  21.  Red  and  gre^n  commercial  lith- 
arge. 

AT  THE    COPPER-SMELTING   WORKS. 

Smelting  works  :  Altgebirg  and  Tajowa. 

Mining  products :  Argentiferous  copper-ores,  non-argentiferous  copi)er 
ores,  mine  cement  slimes. 

Other  products  :  Mint-cement  copper,  copper-scales,  copper- matte  from 
silver-smelting  works,  "  Matreier  "  cement-copper. 

Fluxing  and  other  material :  Limestone,  salt,  slag,  salt-solution,  hot 
water,  iron,  and  copper. 

I. — Smelting  of  argentifsrous  matte.    II. — Resmelting      of      ARGSNTiFERors 

MATTE. 

a.  Argentiferous    copper-ore;    3.  Raw    Roasted    raw-matte.     6.  "  Ober"  nutt». 
sweepings.  6.  Dross.  2.  Unliquated  speiss.  a.  Ar- 

gentiferous copper-ores. 

I.  Raw-matte.    2.  Speiss.    3.  Raw  sweep-    4.  Black      copper.       5.  "  Ober "      matt«* 

ings.  6.  Dross. 

III. — Resmelting  of  roasted  lead  products. 

Roasted ;  b.  Matte  from  silver-    2.  Speiss.    8.  "  Ober^'  matte.   9.  Dross,  a.  Argentiferous 

works.  copper-oT«<. 

7.  Black  copper.    8.  Ober  matte.    9.  Dross. 
IV. — Extraction  of  shaver  fIiom  black  copper. 

A. — Boasting  with  salt,  B,^LidviaHon  with  oold  »olutiom  o/iok. 

47.  Black  copper,    d,  20.  Cement-copper.      10.  Roasted  black  oopper-powder. 

I I.  Roasted  kernels.  14.  Rich  residues. 


10.  Roasted  black  copper-powder.  11.  Ker-    Rich  solution,  poor  solution,  rich  residat^ 
Dels.  extraction  residues. 

C—  Washing  with  hot  water.  D,^Precipitati<m  with  copper. 

15.  Extraction  residues.  12.  Rich   solution.    30.  Granulated  cop- 

per. 

16.  Wash- water.    17.  Residues.  18.  Extra  silver.    30.  Granulated  copper. 

19.  Copper  solution. 
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E.~  -Precipitation  of  copper  with  iron, 

19.  Copper  solntion.    13.  Poor  solution.    16.  Wasb-water. 

20.  Cement-copper.    21.  Manipulation  solution. 

v.— Reduction  of  residues.  VI.— Smelting   of    non-argentiferous 

DROSS. 

17.  Residues.     26.  Dross-copper.    27.  Un-    23.  Dross.     24.  Matte.    25.  "Ahstrich.".   e. 
liquated    non- argentiferous    matte.  Copper  scales.     28.  Sweepings   from 

c.  Mine-cement  slimes.    31.  Retining  copper  hammer,    h.  Non-argentiferous 

dross,    e.  Copper  scales.  copper-ore.      31.      Dross.      32.  Test- 

bottom. 


22.  Reduction     copper.    23.  Dross.        24.    33.  Crucible  dross.    26.  Dross  copper.    27. 
Matte.    25.  ^*AbstriiV  Non-argentiferous     matte.      28.  Fur- 

nace-dross. 

VII. — Refining. 

26.  Dross-copper.    22.  Rednction-copper.    ^,  M.  cement-copper,    e.  Copper  scales. 
29.  Refined  copper.    30.  Kernel  copper.    31.  Dross.    32.  Hearth.    33.  Crucible  dross. 

471.  Upper  Hungary.— The  Upper  Hungarian  "  Wald  Biirgerschaft 
Schmelzand  Aiualgamir  werke"  and  the  Phoenix  Hiitte  were  represented 
by  a  complete  collection  of  their  ores,  intermediate  and  final  prodacts, 
which  will  serve  to  illustrate  the  different  manipulations :  copper-ore, 
carrying  mercury  and  silver,  (tetrahedrit^,)  argentiferous  qnartzose,  and 
gelferze,  and  non-argentiferous  copper-ores. 

From  the  silver j  copper j  and  quicksilver  process. 

Matte,  roasted  matte,  oberlech  speiss,  slag  from  ore  and  matte  smelt- 
ing, antimonial  speiss,  black  and  granulated  copper,  silver  amalgam, 
cement-silver,  silver  bricks,  and  mercury. 

From  tJie  copper  process. 

» 

Matte,  roasted  matte,  upper  matte,  slag  from  ore,  matte,  and  black 
copper-smelting;  refined  copper  and  manufactured  articles,  kettles, 
tuyeres,  &c. 

472.  These  two  works,  and  also  a  third,  the  "Georgshiitte,"  belong  to 
the  private  companies  who  own  the  mines  in  the  Schmollnitz  district. 
Non-argentiferous  copper-oresj  exclusively,  are  reduced  at  the  Phoenix 
Smelting- Works;  but  all  kinds  of  copper-ores  are  treated  at  the  other  two 
works.  The  processes  are  at  all  three  works  the  same,  where  ores  of  a 
corresponding  nature  are  treated. 

The  argentiferous  ores  contain  from  0.06  to  0.07  per  cent.  =  17  oz.  9 
dwt.  19  gr.  to  20  oz.  8  dwt.  9  gr.  silver,  and  10  per  cent,  copper.  The 
non-argentiferous  copper-ores  from  4.5  to  5  per  cent,  copper.  The  utili- 
zation of  the  ores  carrying  copper,  silver,  and  quicksilver  is  performed 
in  three  principal  operations. 

473.  a.  The  quicksilver-distillation.*     This  is  conducted  in  round 

*Free  use   is  here  made  of  a  portion  of  the  work  entitled  *' Beschreibung  einiger 
wichtigerer  Metallberghaue  in  Oherunyarn"  by  Gustav  Fuller. 
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bins,  which  are  aboat  20  feet  in  diameter,  and  sarrounded  with  a  low 
Rtone  wall ;  a  shaft  made  of  pieces  of  wood  is  erected  in  the  middle  and 
filled  with  charcoal.  This  is  used  to  light  the  fuel,  and,  after  the  fire  is 
started,  to  preserve  a  draught  during  the  continuation  of  the  roasting. 
When  the  bins  are  to  be  charged,  a  thin  layer  of  finely -crushed  ore  is 
spread  on  the  bottom ;  upon  this  wood  is  first  placed,  and  then  a  small 
quantity  of  charcoal.  The  ore,  that  has  already  served  for  a  covering 
and  condensing-medium,  is  laid  about  6  inches  thick  upon  the  fuel. 
The  richer  and  larger  pieces  of  ore  are  then  charged,  and  the  x>oorer 
come  on  top.  The  upper  part  of  the  heap  is  kept  cool  by  throwing  fresh 
quantities  of  ore  on  the  places  that  become  warm.  When  the  ore  has 
been  roasted  and  cooled,  which  operation  lasts  about  three  to  four  weeks, 
the  quicksilver  is  found  condensed  and  scattered  throughout  the  upper 
layers.  It  is  obtained  by  repeated  washing  in  sieves  and  purified  by 
distillation. 

474.  h.  The  residue  from  the  quicksilver  is  smelted  in  shaft-furnaces 
19  feet  high.  The  charge  is  50  cwt.  residue  from  amalgamation,  50cwt 
unroasted  non-argentiferous  copper-ore,  5  cwt.  pyritons  ore,  20  cwt. 
quartz,  16  cwt.  slag  from  matte-smelting,  and  520  cubic  feet  charcoal. 

The  products  are  matte,  speiss,  and  slag.  The  speiss  contains  0.2  per 
cent.  =  58  oz.  6  dwt.  silver,  and  28  per  cent,  copper.  The  silver  is  ex- 
tracted by  amalgamation,  and  the  residue  is  smelted  for  speiss,  which 
is  sold,  and  copper-matte,  from  which  an  inferior  grade  of  copper  is  pro- 
duced. The  matte  is  crushed  and  roasted  in  free  heaps  about  twelve  to 
thirteen  times.  The  roasted  matte  is  smelted  for  black  copper  in  shaft- 
furnaces  14  feet  high.  The  charge  is  composed  of:  100  cwt.  roasted  matte, 
15  to  20  cwt.  quartz,  and  550  cubic  feet  charcoal. 

The  black-copper,  containing  0.35  per  cent.  =  102  oz.  silver,  and  82 
per  cent,  copper,  runs,  when  tapped,  into  a  water-basin,  and  is  granu- 
lated.   It  is  then  roasted,  and  the  silver  extracted  by  amalgamation. 

The  matte  from  the  black-copper  smelting,  assaying  0.07  to  0.175  per 
cent.  =  20  oz.  8  dwt.  to  50  oz.  19  dwt.,  and  50  to  60  per  cent,  copper,  is 
added  to  the  raw  matte  after  the  fourth  roasting,  and  is  smelts  with 
that  for  black-copper,  &c.  The  slag  is  smelted  with  roasted  argentifer- 
ous copper-ore. 

475.  0.  The  non-argentiferous  ore  is  roasted  and  smelted  with  slag 
and  quartz.  The  resulting  matte  is-  roasted,  and  then  smelted  in  a 
shaft-furnace,  with  the  following  charge :  100  per  cent,  roasted  matte,  312 
percent,  amalgamation-residue,  50  percent,  quartz.  The  consumption  of 
charcoal  is  470  cubic  feet  to  148  cwt.  of  charge.  The  result  is  slag, 
matte,  and  raw  copper.  The  matte  is  roasted  with  the  matte  from  ore- 
smelting.  The  slag  smelted  with  non-argentiferous  roasted  ore,  and  the 
raw  copper  is  refined,  producing  commercial  copper. 

476.  These  three  smelting-works  have  twelve  shaft-furnaces,  five 
reverberatory  furnaces,  two  small  Hungarian  reverberatory  furnaces, 
with  two  hearths  and  amalgamation-apparatus.    The  annual  produc* 
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tion  has  greatly  decreased  ia  the  last  few  years.  It  was,  in  1871,  cop- 
per, 494,000  kilograms;  silver,  1,025  kilograms;  quicksilver,  17,640 
kilograms. 

477.  Transylvania. — Zalathna. — There  was  an  interesting  display 
of  statistical  charts,  ores,  and  products  from  the  smelting-works  at 
Zalathna,  among  which  were  the  following:  Silver,  gold,  and  lead 
ores ;  copper-matte,  black-copper,  slag,  cement-silver,  gold,  and  silver. 
A  piece  of  capellation-hearth,  on  which  lead  containing  gold  and  silver 
had  been  cupelled,  was  exhibited.  In  this  there  were  several  cavities,  in 
which  were  large  and  small  buttons,  having  the  color  of  almost  pure 
gold. 

478.  The  smelting-works  at  Gsertester  and  at  Zalathna  were  erected 
in  1740  to  1750,  and  are  both  worked  by  the  government.  They  have 
two  large,  four  small,  and  two  low  ahaf^furnac6s ;  two  cupellation- 
furnaces;  two  copper-refining  furnaces;  and  an  amalgamation-apparatus. 

479.  A  new  process  has  lately  been  introduced  at  Zalathna,  by  which 
it  is  stated  a  great  saving  in  the  treatment  of  the  ores  will  be  effected. 
The  ores*  containing  gold  and  tellurium  are  first  roasted,  and  then 
smelted,  whereby  a  raw  matte  is  obtained.  The  matte  is  granulated 
and  treated  with  dilute  sulphuric  acid,  which  is  heated  by  steam.  The 
residue,  containing  lead,  silver,  copper,  and  gold,  is  smelted  with  lead- 
flux,  and  the  silver-lead  produced  is  cupelled.  Ores  rich  in  tellurium 
and  also  the  fumes  from  the  preceding  roasting  are  first  treated  with 
dilute  hydrochloric  acid,  and  then  with  concentrated  sulphuric  acid. 
Tellurium  is  precipitated  with  metallic  zinc.  It  is  then  washed  and 
dried,  when  it  is  melted  in  a  porcelain  crucible.  The  tellurium  contains 
antimony,  arsenic,  copper,  and  lead.  From  one  hundred  and  sixteen 
pounds  of  ore  two  pounds  of  tellurium  are  produced. 

480.  These  works  produce  annually :  Gold,  288.96  kilograms ;  silver, 
619.92  kilograms ;  copper,  19,992  kilograms. 

481.  There  were  also  a  collection  of  ores  and  a  few  metallurgical  pro- 
ducts and  drawings  exhibited  from  the^'SiebSKburger  Knpfergewerk- 
scbaft."  The  copper  ore  is  reduced  by  roasting,  smelting  for  matte ; 
and  then,  after  roasting,  smelting  for  black  copper;  which  is  refined, 
either  producing  rosette  copper  or  copper  ingots.  The  works  own  four 
large  shaft-furnaces  and  one  refining-furnace.  The  amount  of  copper 
produced  annually  is  valued  at  120,000  to  160,000  florins. 

482.  Nagy  BInya. — A  large  and  systematic  collection  of  geological 
charts  and  specimens  of  rock  and  minerals  were  exhibited  by  the  United 
Smelting- Works  of  Nagy  B4nya.    The  three  principal  works  are : 

Yerespatek,  represented  by  gold  and  tellurium  ores  and  products  of 
amalgamation,  which  process  is  practiced  for  the  extraction  of  gold. 
The  value  of  the  annual  production  of  gold  and  tellurium  averages 
35,750  florins. 

*  The  description  of  this  process  is  from  the  official  report  of  the  ^'  Central  commiMon 
dee  deutschen  ReieheSj^*  and  thus  appeared  in  the  Berg-  und  HUttenmannische  Zeiiimg^  1874^ 
p.  181. 
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The  Felso  Banya  Copper* Works  displayed  several  samples  of  maoa 
factored  copper  articles. 

The  Fernezely  Silver,  Gold,  and  Lead  Works  exhibited  charts  of  pro 
dactioD,  ores,  product  of  the  hamid  silver-extraction  process,  litharge. 
and  soft  lead. 

483.  The  process  of  extracting  gold  and  silver  from  roasted  ore  wa^ 
introduced  by  Kiss  in  1859.  It  consists  in  a  preliminary  chloridiziDg 
roasting,  after  which  the  copper  chloride  is  extracted  with  cold  water 
and  the  chlorides  of  silver  and  gold  with  Ga  O  Si  O9.  Gopper  is  precipi 
tated  by  iron,  the  gold  and  silver  with  calciam  solphide. 

484.  Zinc-desilverization  was  introduced  in  Fernezely  in  the  begiu 
ning  of  1873,  these  being  the  second  works  in  the  Austrian-Hangarian 
Empire  at  which  this  process  is  practiced. 

The  average  annual  production  of  the  works  at  Fernezely,  Verespn- 
tek,  and  Felso  B4nya  is :  gold,  435.5  kilograms ;  silver,  6,813  kilograms: 
copper,  93,576  kilograms;  lead,  740,656  kilograms. 

485.  Galicia. — The  zinc-metal  industry  of  Galicia  was  representetl 
by  the  reduction-works  of  A.  M.  O.  Potockie  Siersza,  near  Erackan. 
who  exhibited  zinc-ores,  calamine  and  blende,  cadmium,  raw  and  refineil 
zinc;  also  a  model  of  a  zinc  distillation-furnace,  with  a  gas-generatiDg 
furnace  attached. 


CHAPTER    X. 


RUSSIAN  EXHIBITS. 

Exhibit  of  smelting- works  at  Nltxi-Tagnil ;  Ores  treated,  furnaces  employed, 
fuel;  Refining  the  black  copper;  Exhibits  of  Bogolorsk,  Jongor,  Verkh- 
IssETSK,  Kedaberg,  Paulina  Zinc-Works. 

486.  The  display  of  mineral  and  metallargical  products  was  small, 
owing  to  the  difficulty  of  transportation,  bat  the  articles  exhibited  were 
interesting,  and  the  qaality  did  justice  to  Russia's  well-earned  repata- 
tlon. 

487.  The  copper-works  of  Prince  Paul  Demidoff,  located  at  Nijni- 
Tagnil,  in  the  Yerkhatoarie  district,  in  the  Ural  Mountains,  were  repre- 
sented by  an  incomplete  collection  of  copper  ores  and  products.  The 
ores  were  composed  of  copper  and  iron  pyrites  and  copper  carbonates. 
The  products  were  slag  from  ore-smelting,  matte,  black  and  refined 
copper ;  the  latter  was  of  a  light-rose  color,  and  had  a  remarkably  dis- 
tinct crystalline  stractnre. 

488.  The  copper- works  at  Nijni-Tagnil,*  founded  in  1725,  are  the  most 
important  in  the  Ural  Mountains,  and  produce  almost  40  per  cent,  of 
Eussia'fi  total  production  of  refined  copper,  and  65  per  cent,  of  the  total 
production  of  sheet-copper.  The  richest  ores  treated  are  the  Siberian, 
containing  as  high  as  16  per  cent,  copper,  the  ores  from  the  Altai  9  per 
cent.,  the  Ural  ores  4  per  cent.,  and  the  ores  from  the  Kasan  district 
with  seldom  2  per  cent,  copper.  They  are,  with  very  few  exceptions, 
easily  reducible. 

489.  When  smelting  arsenical  ores,  a  small  quantity  of  black  copper 
is  produced,  the  object  of  which  is  to  concentrate  the  arsenic  in  the 
black  copper,  in  order  to  obtain  a  purer  inatte.  Smelting  is  conducted 
partly  in  the  old  Swedish  furnaces,  partly  in  furnaces  which  are  semi- 
circular in  horizontal  section,  and  having  generally  ten  tuyeres,  but 
principally  in  Eachette  furnaces  with  blast  heated  to  about  100^  C. 
They  have  been  modified  by  Skindar,  who  gave  them  an  oval  shape  in 
horizontal  section.  The  latter  furnaces  make  campaigns  of  several 
months,  and  give  general  satisfaction. 

490.  Formerly  100  pounds  of  charcoal  were  calculated  to  carry  400 
pounds  of  charge  in  smelting  ore ;  at  present  100  pounds  of  charcoal 
carries  414  to  420  pounds  charge  in  the  ore-smelting,  and  437.5  to  450.5 
pounds  charge  in  the  matte-smelting.  The  percentage  of  copper  in  the 
slag  from  ore-smelting  is  also  more  favorable ;  formerly  it  was  0.25  to  .50 

*The  description  of  copper-smelting  is  from  '^ RusslancPs  Matitan  Industrie"  and 
Finer  Bercisung  der  vorzUglichsten  HUttenwerken  des  Urals  im  JahrCy  1870,  by  P.  V.  Turner. 
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daced  by  throwing  barniDg  tranks  of  trees  on  the  lead.  Bat  it  mast  at 
present  be  sent  to  the  mint  at  Constantinople  for  desilverizatioo. 
^  The  bad  condition  ot  the  furnaces,  together  with  the  very  uncertain 
order  in  which  ore,  flux,  and  fuel  are  charged,  lead  to  great  metallic 
losses  through  volatilization,  slagging,  and  the  formation  of  salanuu- 
ders.  The  mining  and  smelting  operations  in  Asiatic  Turkey  have  been 
lately  pushed  with  energy,  and  we  may  expect  at  least  a  large  increase 
in  the  production  of  bullion. 


CHAPTER    XII. 


GRECIAN  EXHIBITS. 
Exhibits  of  Greek  Commission  Central;  From  Attica;  Results  of  ancient 

METAJ.LURQICAL   OPERATIONS  ;    OPERATIONS    OF  THE     FrENCH-ItaUAN   COMPANY  ; 

Lead  earth— Theories  on  undeveloped  metallic  resources  ;  Result  of  re- 
cent PROSPECTING. 

501.  The  "Greek  Commission  CentraP  displayed  an  unsystematic  col- 
lection of  ores,  and  failed  to  name  the  localities  where  they  were  foand. 
I  observed,  as  the  metallic  minerals,  (excluding  iron,)  copper  pyrites, 
copper  carbonate,  galena,  and  cerusite. 

502.  Attica  was  the  only  Greek  district  represented  at  the  Exposition 
by  lead-ores  and  lead.  The  Greek  Metallurgical  Stock  Company  of  At- 
tica exhibited  a  collection  of  minerals,  among  which  were  lead  and 
copper. 

The  metallurgical  company,  '' Antiparos,"  of  Attica,  exhibited  galena 
and  silver-lead.  Silver-lead  from  Attica  was  also  exhibited  by  M.  A. 
Kordellas. 

503.  Tlie  origin  and  former  success  of  mining  and  smelting  in  Greece 
is  a  matter  of  political  as  well  as  of  mining  history.  It  was  from  the 
argentiferous  lead-ores  occurring  in  Laurion  that  the  ancient  Greeks 
derived  their  principal  revenue.  There  were  at  one  time  as  many  as 
20,000  slaves  employed  in  the  mines  and  smelting- works*  in  that  place. 
The  Imperfect  dressing  and  smelting  methods  of  the  ancients,  together 
with  the  large  percentage  of  blende  contained  in  the  ores,  were  the 
causes  of  the  richness  of  the  immense  slag-dumps  and  large  amount  of 
tailings  which  have  lately  been  the  occasion  of  so  much  dispute  between 
a  French  and  Italian  smelting  company  and  the  Greek  government* 
Ilerr  Fiedler,  a  German  mining  engineer,  was  commissioned  by  the 
Greek  government  in  1837-'39  to  inspect  and  report  upon  the  mineral 
resources  of  Greece.  Upon  the  completion  of  his  travels,  he  published 
a  work — "  Reise  durch  alle  Theile  des  Kdnigrdchs  Oriechenland^^  Dres- 
den, 1840 — in  which  he  spoke  very  unfavorably  concerning  the  prospects 
of  recommencing  lead-mining  operations  and  the  extraction  of  lead  from 
the  remains  of  the  .ancient  mining  and  smelting  operations  in  Laurion. 
This  probably  induced  the  Greek  government  to  make  a  contract  with 
a  French-Italian  company,  conceding  to  them  the  right  of  extracting 

*  Free  use  is  here  made  of  a  portion  of  a  commuuication  by  Herr  Baldaiif  to  the 
Berg-  ii9id  Eutienmannische  Zeitung,  1871,  Nob.  37  and  38. 
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silver  and  lead  from  the  intermediate  prodncts  of  the  ancient  smelting* 
operatioi^s.  The  Greek  government  now  claims  that  the  contract  only 
included  the  old  slags.  The  royalty  paid  by  the  company  was  iUi 
currency  per  ton  of  lead  produced.  This  would  make  the  indemnity 
for  10,000  tons,  the  amount  extracted  in  1870,  equal  to  $31 ,460  currency. 
Although  these  slags,  or  at  least  a  part  of  them,  were  resmelted  a  fev 
centuries  after  the  period  of  the  successful  working  of  the  mines,  they 
still  contain  considerable  quantities  of  silver  and  lead.  They  average 
from  6  to  13  per  cent,  of  lead,  0.004  per  cent.  =  l  oz.  3  dwt.  7.68  gr.  sil- 
ver, 6  to  10  per  cent,  zinc,  and  4  to  6  per  cent,  of  antimony.  The  amoant 
of  slag  remaining  has  been  estimated  at  1,200,000  tons. 

504.  The  above-named  French-Italian  company  erected,  at  a  large 
outlay,  in  1865,  extensive  smelting-works  at  Eugastyria,  located  on  the 
east  coast  of  Attica,  a  place  where  smelting-works,  in  all  probability, 
formerly  existed.  From  the  works  streets  have  been  built  in  all  direc- 
tions to  the  old  slag-dumps.  The  slag  is  first  freed  from  the  stones,  and 
then  transported  to  the  works  in  two-wheeled  wagons. 

In  1870,  fifteen  low  {Halbhohoefen)  Castilian  cylindric  furnaces  vera 
built,  and  ten  to  twelve  kept  constantly  in  operation.  They  are  con- 
structed with  mica-schist,  and  have  three  tuyeres.  The  diameter  of  blast- 
nozzle  is  11  centimeters,  and  the  pressure  of  blast  is  8  to  12  centimeten, 
water-column.  The  slag  is  smelted  with  16  to  17  per  cent,  coke  and  a 
large  quantity  of  lime.  Forty  tons  of  silver-lead,  assaying  0.04  percent. 
=11  oz.  13  dwt.  4.8  gr.  silver-ore,  produced  daily.  From  75  to  88  per 
cent,  of  the  6  to  13  per  cent.  le:id  contained  in  the  slag  is  extracted; 
the  remainder  is  either  caught  in  the  condensation-chambers,  or  goes 
in  the  slag,  in  which  case  it  is  lost.  The  silver-lead  is  refined  in  large 
reverberatory-furnaces,  is  marked  ^^^oq^  and  exported  to  England  for 
desilverization. 

505.  The  so-called  "lead-earth,"  designated  by  the  ancients  '^E:^'>' 
Xdde<:  ^  was  the  subject  of  protracted  controversy  between  the  Greek 
government  and  the  foreign  smelting  company.  The  question  in  dispute 
was  whether  the  "lead-earth"  was  extracted  from  the  mines  by  the 
ancients  only  in  order  to  gain  room  for  further  working  the  oi'e-depos- 
its,  and  after  having  been  extracted,  not  considered  worth  reducing;  or 
if  it  was  only  the  residue  of  an  imperfectly  conducted  dressing  method. 
A  fact  that  argues  against  the  latter  theory  is,  that  the  larger  heaps 
of  "  lead-earth'?  are  found  where  it  is  hardly  possible  that  a  sufiSciently 
large  quantity  of  water  was  to  be  had  for  dressing  purposes.  Thesmallex 
heaps  are  found  in  old  shafts.  Here  it  is  possible  that  the  rain  ba« 
caused  a  small  washing  process  to  take  place.  Professor  Fritzsche,  of 
the  Royal  Saxon  School  of  Mines,  has  made  a  determination  of  this  "lead- 
earth,*'  and  found  it  to  be  composed  of  the  following  minerals :  Lead-Bal- 
phate,  principally  causing  and  governing  the  lead-contents ;  galena,  very 
little;  copper  pyrites;  a  mineral  resembling  malachite;  yellow  blende: 
quartz;  white  mica;  iron  sesqnioxide,  containg sulphuric  acid,  audotbcr 


GRECIAN   METALLURGY.  221 

earthy  minerals.  The  composition  of  this  ^'  lead-earth''  and  its  large 
percentage  of  quartz  points  to  the  conclusion  that  it  once  constitated 
the  mica-slate,  forming  the  slicken- sides  of  the  ore-deposit ;  farther,  that 
the  metallic  minerals  were  contained  in  the  mica-slate  as  impregnations. 
The  theory  is  a  very  plausible  one,  that  these  ores  were  not  considered 
worth  farther  treatment  upon  extraction  from  the  mines,  and  were, 
therefore,  thrown  from  the  mines.  Exposure  to  the  weather  caused 
chemical  changes  in  many  cases,  a  stratification,  and  a  universal  physi- 
cal change,  until  it  assumed  tbe  nature  of  fine,  easily-powdered  earth. 
The  commission  appointed  by  the  Greek  government  to  examine  and 
report  upon  this  disputed  point  was  composed  entirely  of  non-profes- 
sional men,  and  the  supposition  is  not  an  unnatural  one  that  the  dis- 
covered fact  that  the  total  amount  of  '^  lead-earth  ^  in  this  and  other 
districts  amounted  to  6,700,000  tons,  assaying  from  1.5  to  11  per  cent, 
lead,  presenting  a  general  average  of  4.4  per  cent,  lead  and  0.011  per 
cent.  =  3  oz.  4  dwt.  silver,  had  more  weight  in  influencing  the  decision 
of  the  easily-excitable  Greeks,  than  any  scientific  points  which  they  did 
not  understand.  According  to  their  calculation,  which  is  undoubtedly 
too  low,  when  the  condition  of  the  '^  lead-earth  "  is  considered,  the  loss 
would  only  be  5  per  cent,  in  dressing,  and  2  per  cent,  in  reduction  of 
the  whole  amount  of  lead  ^  consequently,  the  gain  wonld  be  $25,022,450 
currency.  From  this  it  is  at  least  apparent  that  the  value  of  the 
^'  lead-earth"  far  surpasses  that  of  the  slag,  which  will  only  give  about 
$5,790,000  currency  clear  profit. 

506.  In  regard  to  the  unworked  and  undiscovered  metallic  resources 
of  Greece,  different  opinions  have  been  expressed.  It  is,  however,  pos- 
sible that  there  are  many  important  lead-deposits  still  unknown.  An 
argument  for  this  supposition  is,  that  nearly  all  the  Greek  islands  pos- 
sess the  same  geological  formation  as  that  in  Laurion,  which  is  that  of 
metamorphic  schists,  with  interstratified  deposits  of  crystalline  limestone. 
Lead-deposits  have  been  discovered  on  the  islands  Zea,  Makronisi,  and 
especially  promising  veins  on  Antiparos,  where  the  surrounding  rock 
is  micaceous  slate.  They  have  a  strike  of  about  70^  to  80^.  aiid  a  very 
steep  pitch  to  the  south.  The  veins  are  composed  chiefly  of  galena  and 
quartz,  and  contain  from  35  to  65  per  cent,  lead,  and  0.015  to  0.03  =  4 
oz.  7  dwt.  8  gr.  to  8  oz.  14  dwt.  19.2  gr.  silver.  In  Karistos,  in  the  south- 
ern part  of  Euboa,  the  island  was  believed  by  the  ancients  to  be  rich 
in  metals.  There  are  also  veins  in  micaceous  slate,  bearing  galena, 
quartz,  and  iron  pyrites.  The  vein  mass  assays  15  to  40  per  cent,  lead, 
and  0.01  to  0.025  per  cent.  =2  oz.  18  dwt.  4.8  gr.  to  5  oz.  7  dwt.  17.2 
gr.  silver.  Old  lead-matte,  found  in  this  locality,  assayed  50  per  cent, 
lead  and  2  per  cent,  copper.  Copper  has  been  discovered  on  this  island, 
but  no  efforts  have  as  yet  been  made  to  mine  it. 

507.  By  recent  prospecting  there  have  been  very  promising  masses  of 
galena  discovered  on  the  island  of  Seraphos.    They  are  accompanied 


222  VIENNA   INTERNATIONAL   EXHIBITION^    1873. 

by  ^Mead-eartb,'^  similar  to  that  in  Laarion;  the  latter  contains  4.5  i)er 
cent,  lead  and  5  oz.  16  dwt.  14  gr.  silver. 

Paying  deposits  of  copper  have  been  discovered  near  Lamia,  (Zeituni.; 
in  the  northern  part  of  Greece.  Bat  as  the  owner  of  the  propeny 
has  no  capital  to  prosecute  mining-operations,  and  foreign  capitalists 
are  loth  to  invest,  as  the  district  borders  upon  Turkey,  whence  robber 
bands  make  periodical  raids,  these  deposits  remain  in  an  undeveloped 
condition. 
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APPENDIX    B 


Reoulations  fob  the  purchase  of  Saxon  ores  at  the  wobks 
OP  THE  Royal  General  Smelting  Administration,  from 
"  Quarterly  Orucis,"  1868. 

From  the  beginning  of  the  "  Quarterly  Crucis,''  1868,  the  following 
regulations,  coming  from  the  Royal  General  Smelting  Administration, 
will  apply,  until  further  notice,  for  the  purchase  of  Saxon  silver,  lead, 
copper,  zinc,  sulphur,  and  arsenical  ores. 

§  1. — General  remarks. 

The  purchase  of  silver,  lead,  copper,  zinc,  sulphur,  and  arsenical  ores 
is  conducted  according  to  the  tariffs  given  for  each  metal  delivered 
franco  at  the  works. 

§  2.— Condition  of  the  ores  in  general. 

The  ores  must  be  delivered  at  the  works  in  such  a  condition  that  tbev 
may  be  weighed  with  accuracy,  and  allow  of  the  taking  of  a  reliable 
average  assay  sample ;  they  must,  therefore,  be  as  free  from  n^echan- 
ically-combined  water  as  possible.  Consequently,  ores  that  are  in  a 
slimy  condition  will  not  be  received. 

§  3. — Uniformity  and  fineness  of  the  ores  to  be  delivered. 

It  will  be  demanded  of  all  ores  delivered,  that  they  be  carefully  mixed 
and  possess  such  a  size  of  grain  that  not  more  than  15  per  cent,  remains 
back,  when  sieved  on  a  sieve  having  576  meshes  to  the  square  inch. 
Ores  which  do  not  come  up  to  this  standard  will  be  sent  back  to  the 
mine,  or,  as  far  as  is  possible,  be  crushed  at  the  works  and  charged  to 
the  mine.  Undressed  or  partially-crushed  ores  and  lump-ore,  the  lumps 
of  which  are  not  larger  than  walnuts,  will  only  be  accepted  when  a 
special  agreement  has  been  made. 

§  4.— Disposition  of  the  ores  at  the  smelting- works. 

All  persons  wishing  to  sell  ore  should  inform  the  head  manager,  {pber- 
huttenvorateheTj)  who  will  give  all  the  necessary  information  relating 
thereto,  and  inform  the  seller  to  which  smelting- works  the  ore  should  be 
sent.  In  this  case,  however,  as  far  as  the  business  arrangements  of  the 
smelting-works  will  allow,  the  situation  of  the  mine  will  be  taken  into 
consideration,  in  order  to  spare  the  latter  as  much  as  possible  on  trans* 
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portatiou  costs.  When  tlie  ore  arrives  at  the  works,  the  assignment 
from  the  head  manager  must  be  handed  over  to  the  weigher,  {tvaagemeis" 
tetj)  also  the  assay-ticket  pertaining  to  the  delivery-assay,  (§  16,)  made 
out  by  the  mine-warden,  (bergicardein,) 

§  5. — Presence  op  the  deliverer  at  the  weighing  op  the  ore. 

The  seller  must  be  present  when  the  ore  is  weighed  at  the  works,  or 
be  represented  by  his  agent.  When  particularly  demanded  by  the 
deliverer,  the  weigher  is  obliged  to  give  the  former  a  written  statement 
of  the  wet  and  dry  weight  of  the  ore,  after  the  same  has  been  weighed 
and  the  moisture  been  calculated,  and  the  weigher  has  no  right  to  demand 
or  take  payment  for  the  same.  Then  the  mine  agent  takes  the  assay 
samples  into  his  possession  for  the  mine-warden,  which  have  been  taken 
from  the  ore  in  his  presence  and  packed  in  boxes  expressly  for  the 
purpose,  (see  §  11,)  and  must  take  them  in  the  afternoon  of  the  same 
day  to  the  city  assay  laboratory  and  deliver  them  to  the  mine- warden. 

§  6. — Time  of  delivery. 

Ore  is  received  at  the  works  every  day  during  the  week,  excepting 
Sundays  and  holidays,  and  with  the  exception  of  Wednesday  after- 
noons, commencing  at  12  o'clock.  Ores  arriving  at  the  works  on  Sun- 
days will  be  reckoned  to  the  delivery  of  the  following  week. 

The  determination  of  the  metallic  contents  of  the  ores  through  the 
purchase  and  "  deternunation  ^  assays,  takes  place  after  every  weekly 
delivery ;  on  the  other  hand,  the  settlement  with  the  deliverers  of  ore 
only  in  periods  of  two  to  three  weeks,  the  close  of  which  is  always  on 
Wednesday  noons,  12  o'clock,  of  the  first,  third,  fifth,  seventh,  ninth, 
and  eleventh  weeks  of  each  quarter. 

The  deliveries  of  ore  taking  place  on  Thursday  of  the  eleventh  week 
as  well  as  those  in  the  twelfth  and  thirteenth  weeks,  belong  to  the 
first  period  of  the  next  quarter,  which  accordingly  has  its  commence- 
ment early  Thursday  morning  of  the  eleventh  week. 

If  lump-ore  is  delivered  according  to  §3,  the  close  of  the  time  of  de- 
livery has  been  fixed  on  Saturday  noon  of  every  week ;  that  is,  four 
days  before  the  close  of  the  current  period  of  delivery ;  it  is  here  taken 
into  consideration  that  the  preparation  of  the  assay  sample  and  also 
the  determination  of  the  metallic  contents  of  such  ores  demand  more 
time,  and  a  whole  week  is  therefore  allowed  for  this  work. 

§  7. — COM]VIENCEjyiENT    OP    RIGHT    OP    POSSESSION    OP    THE    GENERAL 
SMELTING  ADMINISTRATION  TO  DELIVERED  ORES. 

As  soon  as  the  quantity  of  ore  to  be  delivered  has  been  brought  to 

the  works,  weighed  and  dumped,  so  that  it  can  be  easily  reached,  in 

order  that  it  may  be  possible  eventually  to  examine  it  again,  (§  20,)  the 

mine  has  lost  the  right  of  aecess  to  the  same,  but,  notwithstanding,  it  is 

15  m 
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not  yet  the  property  of  the  smelting-works,  but  is  at  first  to  be  con- 
sidered only  as  a  deposit,  for  which  the  administration  of  the  smelting- 
works  (HUttenadministration)  is  responsible. 

The  delivered  ore  first  becomes  the  property  of  the  works  when  there 
are  no  difi'erences  in  the  assay  results,  (§  19,)  or  when  sach  differences 
have  been  settled  according  to  §§  19  and  20. 

§  8. — Unit  of  weight  and  its  divisions  in  the  weighing  and 
determination  of  moisture  in  the  ores. 

The  ore  is  weighed  on  scales  having  arms  of  equal  length,  in  amounts 
of  2  cwt.,  (centnern.)  The  zollcentner,  ^  50  kilograms,  is  the  unit 
of  weight  and  is  divided  decimally  into  100  pounds,  and  the  pro- 
duct into  100  pfundtheils.  The  weight  of  the  assay  weight  (the 
moisture  hundred-weight,  or  centner)  made  use  of  for  determining  the 
amount  of  moisture  in  the  ores  ==  75  grams  =  15  pfundtheile.  It  is 
also  divided  into  100  parts. 

§  9. — Weight  limits  in  weighing  the  ores  and  determination 

of  3i0isture. 

The  amounts  of  ore  delivered  are  weighed  to  within  10  pounds  when 
containing  from  1  to  50  pfundtheile*  silver;  over  50  to  500  pfundtheile 
to  within  1  pound ;  over  500  to  5,000  pfundtheile  to  within  0.1  pound ; 
over  5,000  pfundtheile  to  0.02  pound.  Ores  carrying  no  silver,  lead, 
copper,  zinc,  sulphur,  and  arsenic  are  weighed  out  to  within  ten  pounds. 

It  is  not  allowed  to  deliver  more  than  50  cwt.  of  ore  at  a  time  when 
the  same  carries  10  pfundtheile  or  more  silver ;  in  consideration  of  the 
uniformity  of  the  assay-sample,  larger  amounts  must  be  divided  into 
amounts  of  this  weight. 

Ores  carrying  less  than  10  pfundtheile  silver  should,  on  the  other 
hand,  be  delivered  in  amounts  of  100  cwt.  If  such  ores  are  delivered 
in  smaller  amounts  than  100  cwt.,  the  mine  from  which  it  came  must 
expect  a  bill  of  assay-costs  according  to  §  19.  The  superintendent 
(Ruttenmeiater)  has  the  power,  however,  to  allow  the  delivery  of  smaller 
or  larger  amounts  than  above  stated. 

The  amount  of  moisture  contained  in  the  ore  will  be  determined  to 
within  0.5  per  cent,  without  any  consideration  of  its  metallic  contents  or 
character;  but,  in  the  calculation  of  the  wet- weight,  smaller  weight 
amounts  than  given  in  the  commencement  of  this  paragraph  will  be 
left  out  of  consideration. 

§  10.— Delivery  of  the  weight-statement  by  the  weigher. 

During  the  weighing  of  every  amount  of  delivered  oi-e  at  the  works, 
an  average  assay-sample  of  several  pounds  will  be  taken  in  the  follow- 

*  One  pfuudtbeile  is  equal  to  0.01  i»er  cent. ;  0.01  per  cent.  =  2  oz.  18  cwt.  4.?^  |fr.  I****" 
ton  of  2,000  pounds. 
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ing  manuer :  From  every  2  cwt.  of  the  ore  i  to  t^  pound  will  be  taken  out 
from  the  middle  by  means  of  a  half-hollow  cylinder,  to  which  there  is  a 
handle  attached.  The  quantity  taken  out  with  this  instrument  is  then 
scattered  over  two  sample-troughs,  A  and  6,  which  rest  near  each  other, 
and  this  is  continued  until  the  whole  amount  of  ore  delivered  has  been 
weighed. 

With  lump-ore,  the  assay-sample  is  either  selected  according  to  the 
cross-method,  {Kreuzprohe^)  or  in  such  a  manner  that  about  10  per  cent, 
of  the  heap  is  taken  out,  crushed,  and  then  a  diminished  sample  taken 
from  the  same. 

From  the  sample  on  the  assay-trough  A,  the  weigher  immediately  de- 
termines the  amount  of  moisture. 

The  "  assay-pulverizer "  then  takes  from  different  parts  of  the  same 
sample-trough  A,  by  means  of  an  assay-spoon,  the  amount  of  ore  neces- 
sary for  the  making  of  the  purchase-assay  by  the  warden  of  the  smelt- 
ing-works,  and  prepares  it  in  the  following  manner : 

The  sample  is  first  carefully  dried  upon  a  heated  piece  of  sheet-iron, 
then  the  dried  sample  is  pulverized,  in  an  iron  mortar,  so  fiiie  that  it  will 
all  pass  through  the  covered  sieve. 

The  finely-pulverized  assay-sample  is  then  well  mixed  in  the  mortar ; 
it  is  then  passed  several  times  through  a  wire  sieve  in  order  to  effect  a 
complete  mixing,  and  is  then  shaken  into  a  small  trough,  after  which  it 
is  placed  on  top  of  the  other  two,  A  and  B* 

If  the  ore  carries  small  amounts  of  native  silver,  or  silver-glance, 
(see  §  12,)  the  moisture  must  be  determined  before  the  assay-sample  is 
prepared.  In  pulverizing  the  same,  the  little  scales  of  native  silver,  or 
silver-glance,  which  do  not  pass  through  the  sieve,  must  be  carefully 
collected  and  placed  in  a  separate  trough,  and  after  the  weigher  has 
determined  the  weight  of  the  pulverized  ore,  as  well  as  that  of  the  me- 
tallic scales,  both  of  the  small  troughs  are  to  be  placed  with  their 
respective  statements  of  weight  on  top  of  the  other  two  troughs,  A  and  B. 
The  contents  of  the  second  trough,  B,  is  kept  for  the  determination-assay. 

When  the  delivery  of  the  day  has  closed,  the  weigh-master,  in  the 
presence  of  the  mine-agent,  takes  out  a  half  pound  of  ore  for  the  pur- 
chase-assays, to  be  made  by  the  mine-warden,  from  the  same  sample- 
trough,  A,  out  of  which  the  samples  for  the  moisture-assays  were  taken, 
and  all  corresponding  to  the  several  loads  deposited ;  they  are  then 
l>acked  in  boxes,  not  dried  and  unprepared.  The  boxes  must  be  re- 
turned to  the  weigh-master  carefully  cleaned.  The  boxes  are  num- 
bered with  the  corresponding  numbers  of  the  loads  in  the  weigh-book 
and  on  the  assay-sample  boards.  A  ticket  must  be  placed  in  the  boxes, 
upon  which  is  written  the  name  of  the  mine  from  which  the  ore  was 
delivered,  the  dry  weight,  and  the  quality  of  the  load,  all  corresponding 
to  the  same  on  the  sample-board  5  also  the  metallic  contents  according 
to  the  delivery-assay.  The  sample-boxes,  with  the  statements,  are  to 
be  handed  to  the  person  or  persons  who  have  been  commissioned  to 
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carry  them  to  the  mine-wardeu  at  the  city -assay  laboratory,  and  must 
be  delivered  to  him  ou  the  same  day.  The  preparation  of  the  assay- 
samples  in  the  miue-wardeu's  laboratory  mast  be  condacted,  for  the 
sake  of  conformity,  in  the  same  manner  as  given  above,  especially  with 
snch  ores  as  carry  native  silver  and  silver-glaDce. 

§  11. — The  assay-samples  sent  to  the  mine- warden's  laboratory,  as  well 
as  the  metallic  buttons  produced  from  the  same,  remain  in  the  possession 
of  the  laboratory  without  charge. 

§  12.— Determination  of  the  metallic  contents  in  delivered 
ores  carrying  native  silver  or  silver- glance. 

Ores  that  contain  native  silver  and  silver-glance  in  large  amounts,  and 
consequently  do  not  allow  of  the  good  pulverization,  preparation,  and 
selection  of  a  reliable  average  assay-sample,  must  therefore,  "before  be- 
ing delivered  at  the  smelting- works,  be  stamped  and  sieved  at  the  mine, 
separated  into  finely-crushed  ore,  silver,  and  silver-glance,  and  sepa- 
rately delivered  at  the  works. .  While  by  the  delivery  of  the  finely- 
crnshed  and  mixed  part,  the  assay-sample  is  taken  and  prepared  as 
described  in  §  11,  the  silver  and  silver-glance  ore  must  be  melted  at  the 
works  in  the  presence  of  the  mine-agent,  and  the  silver  contents  deter- 
mined by  means  of  the  granulation-assay,  accompanied  at  the  same  time 
with  a  determination  of  the  metallic  contents  in  the  by-products. 

No  assay-sample  of  silver  and  silver-glance  ores  delivered  at  the 
works  is  sent  to  the  mine- warden. 

13. — Method  of  assaying  and  oversight  of  the  manipulatio>'. 

The  wardens,  in  making  the  assays,  must  follow  the  methods  and 
rules  made  by  the  administration  of  the  smelting-works,  and  avoid  all 
arbitrary  digressions  from  the  same,  and,  moreover,  conform  to  the  reg- 
ulations from  the  administration  of  the  smelting-works,  regarding  the 
superintendence  and  oversight  of  the  assaying,  as  carried  out  by  the 
designated  officers. 

§  14.— The  unit  of  weight  and  its  subdivisions  used  in  the 

assaying  *0F  ORES. 

The  weight  of  the  assay  hundred-weight,  used  in  determining  the 
metallic  contents  of  ores,  is  fixed  at  3.75  grams  =  0.75  pfundtheil.  Its 
division  is  decimal,  namely,  into  100  pounds,  and  the  pound  into  1(M» 
pfundtheile. 

§  15. — Statement  of  the  metallic  contents  op  an  orb. 

The  metallic  contents  of  an  ore  are  only  stated  within  certain  fixed 
limits. 

a.  With  ores  carrying  the  smallest  amount  of  silver  acceptable  at  the 
works,  that  is  1  pfundtheil  and  up  to  25  pfundtheile,  their  metallic  con- 
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tents  will  be  given  on  to  within  0.5  pfandtbeil ;  with  ores  carrying  more 
than  25  pfundtheile  and  up  to  200  pfundtheile,  the  results  will  be  given 
on  to  within  1  pfandtheil ;  and  ores  assaying  higher  than  200  pfund- 
theile, the  assay-result  will  be  given  on  to  within  2  pfundtheile. 

h.  With  lead,  sulphur,  and  arsenical  ores,  the  assay-results  will  be 
given  on  to  within  5  per  cent,  for  all  grades  of  ore ;  with  lead,  however, 
contained  in  ore  delivered  at  the  works,  as  blendic  ores,  to  within  1  per 
cent 

{?.  With  copper  and  zinc,  to  within  1  per  cent,  by  all  grades  of  ore 

§  16. — The  delivery-assay. 

Such  assays  as  are  made  at  the  mine-warden's  laboratory  of  the  ores 
prepared  at  the  mines  for  delivery  at  the  smelting- works,  by  order  of 
the  mine-superintendent,  in  order  to  declare  their  assay-value  when  de- 
livered at  the  smelting- works,  are  called  the  delivery-assays.  The  same 
give,  at  the  same  mine,  the  metals  and  metalloids  the  purchase-assay 
{§  17)  has  to  determine,  and  thus  stating  how  many  assay-samples  it  is 
necessary  to  prepare.  In  selecting  the  assay-sample  for  the  delivery- 
assay,  on  behalf  of  the  mine,  proper  care  should  be  taken,  so  that  no 
great  difference  may  arise  between  it  and  the  purchase-assay. 

§  17. — Purchase-assays. 

Purchase-assays  are  those  which  are  made  from  the  samples  taken 
accordiog  to  §  11  during  the  weighing  of  the  delivered  ore  at  the  smelt- 
ing-works.  For  making  the  same,  the  sample  in  the  small  trough.  A,  is 
made  use  of,  (§  11.)  The  purchase-assay  determines  the  amount  of  all 
purchasable  metals  and  metalloids  contained  in  the  ore,  following  the 
directions  of  the  statement  from  the  mine  of  what  metals  and  metalloids 
are  present  in  the  same;  also,  to  determine  the  amount  of  lead  in  all 
blendic  ores,  and  the  amount  of  zinc  contained  in  all  blendic,  silver, 
lead,  copper,  sulphur,  and  arsenical  ores.  The  purchase-assay  must  be 
made  under  the  supervision  of  two  controlling  assayers,  the  warden  of 
the  smelting-works  and  the  mine-warden.  Each  has  his  own  separate 
laboratory,  the  warden  of  the  smelting-works  at  that  place,  and  the 
mine-warden  in  the  city  of  Freiberg. 

Accordingly,  as  the  silver-ores  are  of  low  or  high  grade,  the  assays 
will  be  made  in  duplicate  or  up  to  eight  times.*  The  average  must  be 
taken  of  all  the  separately-weighed  buttons.  Each  of  the  assayers,  in 
determining  the  amount  of  silver  in  ores,  must  make  two  assays  with 
ores  containing  from  1  to  40  pfundtheile  per  cwt.;  three  assays  with 
ores  containing  from  41  to  80  pfundtheile  per  cwt. ;  four  assays  with 
ores  containing  from  81  to  150  pfundtheile  per  cwt.;  six  assays  with 
ores  containing  from  151  to  300  pfundtheile  per  cwt.;  eight  assays 
with  ores  containing  more  than  302  pfundtheile  per  cwt. 

*  The  scorification-assay  is  entirely  ased  iu  determiniug  the  amount  of  silver  in  all 
ores. 
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§  18.— Presentation  of  assay-statement  by   the  mine-warde.n 

and  warden  of  the  smeltinghworks. 

After  the  close  of  every  weekly  delivery,  on  Saturdays,  at  12  o'clock, 
each  of  the  controlling  wardens  must  deliver,  at  the  "  Hiittenraiter  Bu- 
reau,'' a  full  statement  of  the  assay-resalts  as  found  by  actual  tests.  Thei^" 
the  two  statements  are  compared  as  regards  the  stated  weights  and 
contents.  In  these  statements  must  be  written  the  name  of  the  mine 
from  which  the  ore  came;  the  number  of  loads  and  their  respective  dry 
weights ;  the  quality  and  the  determined  amounts  of  silver,  lead,  cop- 
per, zinc,  sulphur,  and  arsenic,  in  the  exact  order,  as  given  in  the  state- 
ment of  the  weigh-master.  The  mine- warden  must  also  notify  the  mine- 
superintendent  of  his  assay-results  in  the  same  order  as  stated  in  the 
weigh-book.  In  the  delivery  of  native  silver  and  silver-glance,  theamoaut 
of  the  contents  in  silver  determined  from  the  smelting,  (§  19,)  must  also 
be  put  down  by  the  warden  of  the  smelting-works  as  corresponding  to 

the  loac^. 

§  19. — Determinative  assay. 

If  there  be  a  difiference  in  comparing  the  assay-statements  of  the 
mine- warden  (§  18}  and  that  of  the  warden  of  the  smelting-works  of  the 
ores  delivered  of  only  0.5  pfandtheil  (0.005  per  cent.  =  1  oz.  9  dwt.  SM 
gr.  per  ton)  silver,  the  result  of  the  warden  of  the  smelting-works  will 
be  taken  for  computing  their  contents  and  the  amount  to  be  paid  for 
this  metal,  (§  22;)  by  a  difference  or  one  pfundtheil  (0.01  per  cent  =  2 
oz.  18  dwt.  4.80  gr.)  per  ton  of  2,000  pounds)  or  more  of  silver,  or  by  dif- 
ferences in  lead,  copper,  sulphur,  or  arsenic,  a  determination  assay  must 
be  made  of  the  special  ore-load  at  the  ^'Huttenraiter  expedition.'^ 

A  determinative  assay  of  the  zinc  in  zinc-ores  will  only  be  made  when 
of  the  two  purchase-assay  results  the  one  is  over  and  the  other  under 
the  limit,  for  which  there  is  a  special  tariff  for  zinc  in  the  zinc-blendic 
ores,  also  a  reduction  in  the  amount  paid  for  the  zinc  in  blendic  ores. 
The  zinc-blendic  determinative  assay  tbrlead  is  also  only  made  when  the 
results  of  the  purchase-assays  are  the  one  over  and  the  other  under  3 
per  cent. 

The  results  of  the  determinative  assay  must  be  entered  in  the  assay- 
book,  with  the  difference  determined ;  the  ore-load  must  also  be  marked 
with  the  difference. 

The  mine-superintendents,  as  well  as  the  officers  of  the  smelting-works, 
have  the  right  to  demand  that  a  determinative  assay  be  made,  when  an 
assay  made  by  them  from  a  sample  taken  from  the  ore-load  disagrees 
with  the  purchase-assay  so  far  that  it  seems  to  them  it  cannot  possibly 
be  correct.  Such  demands  for  del^erminative  assays  must  be  handed  in 
by  the  above-named  officers  in  the  form  of  a  written  statement,  (state 
ment  of  assay-differences,)  at  the  "Hiittenraiter-expedition,''  before  VI 
o'clock  on  Saturday,  after  the  close  of  the  weekly  ore-delivery.  A  state- 
ment of  this  character  must  contain  the  name  of  the  smelting-works  at 
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which  the  ore  was  delivered,  the  date  of  delivery,  the  name  of  the  mine 
irom  which  it  came,  the  number  of  the  load,  (as  numbered  in  the  weigh- 
journal,)  of  which  the  determinative  assay  is  demanded ;  also  the  dry 
weight  of  same,  the  quality,  and  the  metallic  contents,  according  to  the 
delivery  and  purchase  assays. 

After  the  officers  of  the  mine  and  smelting- works  have  made  known 
the  demand  for  a  determinative  assay  and  marked  the  respective  ore- 
loads,  the  judge-assayer  receives  from  the  "  flUttenraiter,'^  on  Saturday 
evenings  of  every  week,  the  assay-certificates  of  the  mine- warden,  which 
contain  all  the  ore-loads  of  the  delivery-period  of  which  he  has  to  make 
determinative  assays.  The  determinative  assays  are  then  to  be  made 
by  the  warden  in  the  laboratory  of  the  smelting- works. 

The  assay-sample  in  the  lower  sample-trough  B,  from  which  no  assay 
has  been  made,  is  used  for  making  the  determinative  assay.  It  is  taken 
by  the  man  who  pulverizes  the  assay-samples,  under  the  superintendence 
of  the  warden,  and  carefully  prepared  according  to  §  11.  Four  days 
are  allowed  for  ihaking  all  the  determinative  assays  that  may  be  de- 
manded at  both  smelting-works  of  a  weekly  delivery.  The  days  are 
from  Monday  to  Thursday  at  the  latest. 

The  results  obtained  from  the  determinative  assays  must  be  entered 
by  the  warden  on  the  assay  statement  of  the  mine-warden  and  immedi- 
ately sent  to  the  ^^  HUttenraiter-expedition,"  where  it  is  open  to  inves- 
tigation of  the  parties  concerned  until  Friday,  12  o'clock,  of  the  same 
week.  At  the  same  time  th^  results  must  be  entered  upon  the  state- 
ment of  assay-differences,  sent  in  by  the  mine  and  smelting-works  officers, 
and,  with  the  other  statement,  sent  to  the  '<  Huttenraiter-expedition," 
from  whence  it  can  be  taken  away  by  the  mine  or  smelting-works  parties, 
and  if  the  result  differs  much  between  the  delivery  or  load  assays, 
another  determinative  assay  may  be  demanded,  (§  20.) 

When,  however,  the  mine-superintendent  demands  a  determinative 
assay,  in  spite  of  agreement  between  the  purchase-assays  of  the  warden 
of  the  mine  and  smelting-works,  within  the  limits  given  in  the  first  part 
of  this  paragraph,  and  the  correctness  of  the  purchase-assay  should  be 
confirmed  by  the  same,  the  mine  must  pay  for  every  such  determinative 
assay — for  silver,  5.neugroschen ;  for  lead,  10  nengroschen ;  for  copper, 
15  nengroschen  ;  for  zinc,  15  nengroschen ;  for  sulphur,  15  nengroschen ; 
for  arsenic,  15  nengroschen — to  the  smelting-works  at  which  the  ore  was 
delivered,  and  the  bill  for  the  same  will  be  handed  in  at  the  close  of 
every  three  months. 

§  20.— REPEfTITION  OF  THE  METHOD   OF  DELIVERY. 

If  there  be  a  too  great  a  difference  between  the  delivery-assay  and 
the  reeults  of  the  determinative  assay  demanded  by  the  mine,  or  be- 
tween the  load-assay  and  the  results  of  the  determinative  assay  de- 
manded by  the  smelting-works,  then,  in  the  first  case,  it  is  allowable 
for  the  mine  to  demand  of  the  repetition  of  the  method  of  delivery ;  in 
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the  second  case/the  smelting- works  may  demand  the  same.  Moreover, 
even  when  no  demand  has  been  made  for  a  determinative  assay,  either 
party  may  demand  of  the  repetition  of  the  method  of  delivery  when  the 
difference  between  the  results  of  the  determinative  assay  is  greater  than 
the  result  of  one  of  the  purchase-assays  over  the  other. 

In  repeating  the  method  of  delivery,  the  entire  manipulation  of  se- 
lecting the  assay-sample  is  repeated,  by  weighing  the  entire  ore-load 
over  again,  and  selecting  of  the  assay-sample,  as  already  described,  after 
the  ore  has  been  well  mixed,  if  deemed  necessary,  and  carted  to  the 
scales. 

Each  of  the  controlling  wardens  must  carry  out  the  asssiys  according 
to  §  17,  and  enter  the  results  obtained  in  their  order  in  the  assay-state- 
ment book.  The  weigh-master  designates^  the  ore-load  as  weighed  the 
^second  time. 

The  demand  for  the  repetition  of  the  method  of  delivery  on  behalf  of 
the  mine  or  smelting-works  should  be  made  in  the  week  in  which  the 
determinative  assay  of  the  ore-load  was  made,  and  at  the  latest  on  Fri- 
day at  12  o'clock,  so  that  the  '^  Hiittenraiter  "  may  arrange  that  the  ore- 
load  may  be  omitted  from  the  delivery-period  of  the  present  week. 

When  a  demand  is  made  on  behalf  of  the  smelting-  works  for  the  repetition 
of  the  method  of  delivery,  the  mine-superintendent  concerned  must  be  in- 
formed of  the  same  by  the  '^  Hiittenraiter,"  or  if  the  mine-superintendent 
should  live  too  far  away  from  Freiberg,  the  agent  of  the  mine  in  the  city, 
who  is  authorized  to  attend  to  the  selling  of  the  ore  for  said  mine,  must 
be  informed.  If  this  controlling  manipulation  be  demanded  on  behalf 
of  the  mine,  the  same  has  to  pay  the  accompanying  costs,  whioh  are  as 
follows,  per  load :  2  thaler  for  a  load  of  400  centnern,  (cwt.)  (hundred- 
weight;)  2^  thaler  for  a  load  of  over  400  to  500  centnern,  and  3  thaler 
for  a  load  of  over  500  to  600  centnern,  all  in  wet  weight.  Both  parties 
must  be  ruled  by  the  results  of  this  repeated  manipulation,  unless  the 
two  purchase-assays  made  from  the  new  assay-«samp1es  should  show  a 
material  difference  in  their  results ;  if  this  should  be  the  case  with  rich 
ores,  it  is  probable  that  it  comes  from  the  ore  not  being  well  mixed.  In 
this  case  the  smelting-works  have  the  privilege  of  refusing  the  load  un- 
til it  has  been  properly  prepared  for  delivery. 

§  21.— Deputyship  of  the  judgeassayee. 

If  the  judge-assayer  should  be  unable  to  make  the  determinative  as- 
says himself,  on  account  of  sickness,  or  for  some  other  good  reason,  they 
are  made  by  some  officer  of  the  smelting-works,  who  is  experienced  in 
assaying,  and  who  must  follow  the  instructions  of  the  judge-assayer  after 
having  been  detailed^^by  the  smelting-administration  for  this  duty. 

§  22.— Computation  of  the  oee-pbices. 

The  computation  of  the  metallic  contents  of  the  ores  is  carried  out, 
according  to  the  results  of  the  purchase-assays  and   determinative 
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assays,  at  the  <<  HUttearaiter-expedition  ^  without  any  secrecy.     The 
price  to  be  paid  for  the  same  is  also  computed. 

The  computation  of  the  metallic  contents  for  every  calculable  metal 
is  carried  out  by  multiplying  the  dry  weight  of  the  ore-load  with  assay- 
results  ;  for  silver,  according  to  the  dry  weight  as  determined  according 
to  §9;  but  for  lead,  copper,  zinc,  sulphur,  and  arsenic,  only  to  within 
10  pounds. 

The  metallic  contents  per  load  are  rounded  off;  with  silver,  to  within 
0.5  pfiindtheil,  (0.005  per  cent.=l  oz.  9  dwt.  3.84  gr.;)  with  lead,  zinc, 
sulphur,  and  arsenic,  to  within  0.5  per  cent.;  and  with  copper,  to  within 
0.1  per  cent. 

The  computation  of  the  price  of  the  several  loads  is  carried  out  by 
multiplying  the  tariff-price  of  the  different  metals  by  the  metallic  con- 
tents of  the  ore-load. 

When  the  tariff,  however,  gives  the  prices  per  unit  of  weight  of  the 
ore,  the  amount  to  be  paid  is  calculated  by  multiplying  the  price  in  the 
tariff-list,  corresponding  to  the  assay  of  the  ore,  by  the  dry  weight  of 
the  same. 

In  case  where  the  silver  contents  have  been  determined  by  smelting 
all  the  ore,  the  tariff-price  willbe  computed  by  calculating  the  average 
contents  from  the  dry  weight  and  assay-results.  The  doubly-calculated 
weight,  metallic  contents,  and  price  to  be  paid  for  the  ore  will  be  en- 
tered in  a  statement  and  sent  to  the  mines  interested,  at  the  latest  on 
Wednesday  of  the  third,  fifth,  seventh,  ninth,  eleventh  week  of  each 
quarter.  It  is  payable  at  the  treasury  of  the  general  smelting  admin- 
istration. 

The  ^^  Hiittenraiter"  must  also  give  to  every  mine  a  statement  of  the 
amount  of  ore  delivered  at  the  works  by  each,  and  it  must  contain  the 
weight  of  each  load,  their  metallic  contents  and  assay,  and  price  for 
every  two  or  three  weeks'  delivery.  This  statement,  when  handed  in 
at  the  treasury  of  the  general  smelting  administration  by  the  mine- 
superintendent,  will  be  accei)ted,  and  the  amount  stated  in  the  same  as 
the  calculated  price  of  the  ore  according  to  tariff,  will  be  paid. 

INFLUENCE  OF  THE  MARKET-PRICE  AS  REGARDS  THE  PAYMENT  OF 

LEAD  AND  COPPER  IN  THE  ORES. 

{a,)  The  normal  price  of  lead  is  taken  at  5  thaler  per  centner  (hun- 
dred-weight) of  the  lead  sold  contained  in  lead  products ;  and, 

(b.)  For  copper,  31J  thaler  per  centner  of  copper  contained  in  the 
copper- vitriol  sold. 

If  the  actual  net  proceeds  from  selling  the  lead  in  lead  products  by 
the  smelting-works  should  be  more  or  less  in  the  course  of  a  year,  after 
deduction  of  the  necessary  costs  of  trading,  than  the  net  proceeds  for 
the  amount  of  lead  sold  according  to  the  normal  price  stated  in  the  first 
case,  the  mine  shall  receive  the  half  of  the  amount  thus  gained,  and  in 
proportion  to  the  amount  of  lead  delivered  by  the  same  as  '^  a  lead- 
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delivery  premiam."  In  the  second  case,  however,  the  mine  mast  share 
the  half  of  the  occurring  loss  as  <^  a  lead-payment  restitntion,"  corre- 
sponding to  the  amonnt  of  lead  contained  in  ore  delivered.  The  same 
rule  holds  good  for  the  copper  sold  as  copper- vitriol. 

The  calculation  of  the  amount  of  premium  or  loss  for  lead  and  copper 
is  carried  out  by  the  ^^  HUttenraiter,"  who  not  only  has  to  make  public, 
in  the  form  of  an  extract,  the  amount  of  money  in  tl^e  treasury  of  the 
general  smelting  administration,  and  to  give  the  mines  a  receipt  for  the 
amount  of  ore  delivered  at  the  smelting-works  on  the  eleventh  and 
twelfth  week  of  the  ''  Quartals  Lucial,"  but  must  also  inform  the  mines 
interested  of  the  manner  in  which  the  premium  was  calculated  at  the 
close  ot  each  year,  by  exhibiting  the  calculations.  The  general  smelt- 
ing administration  must  determine  the  price  to  be  paid  for  the  metals 
beforehand  for  every  year,  at  the  end  of  the  same  ;  loss  or  gain  will  be 
equally  divided  according  to  amount  paid. 

Freiberg,  March  12, 1868. 

<*  Das  Konigliche  Oberhttttenamt.'' 

F.  M.  IHLE. 
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Sweden - 47,48  21 

Paint,  yellow,  manufacture  at  Lantenthal 294  125 

Quicksilver-distillation,  Upper  Hungary 473  21 1 

Regulations    for   the   purchase  of    ores   at   Royal    Saxon    Smelting- 
Works  Appendix  B,  224 

Roasting  and  smelting  process: 

Holzappel 354  151 

Mechernicher  Smelting-Works 358  152 

Stolberg  Stock  Company *. 246  107 

Roasting  ores : 

Ems  Smelting-Works 364  155 

Freiberg 101-107  42 

Separation  of  silver  from  copper,  Royal  Hungarian  mint 420, 421  177 

Silver-extraction : 

Andreasberg 267,272  115 

Lower  Hungary 432-440  ISl 

Mansfeld  Copper-Works 317,318  134 

Stolberg  Stock  Company 348,349  149 

Silver-refining,  Freiberg 175-179  74 

Smelting  processes : 

Bleyberg 42  17 

Carinthia 397  169 

Freiberg 136-150,187-207  58 

Italy 38  14 

MUhlbach  Smeltincr-Works 390  166 
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Styria 410  172 

Tarnowitz 324,325  i:^ 

Turkey 500  217 

Statistics  of  production : 

Andreasberg 272  118 

Bleiberg  Smelting  Company 398  170 

Brixlegg  Smelting- Works 387  165 

Bulgaria 418  176 

Copper-vitriol,  Freiberg 218  90 

Egger  Smelting-Works 399  170 

Ems  Smelting-Works '. 368  156 

Freiberg  Metallurgical  Works 227  98 

Italy 39  15 

Julius  Hutte 313  133 

Kopparlberg  Copper-Works 51  22 

Krain 416  176 

Lautenthal 296  126 

Lower  Hungary : 440,442,444  189 

Mechemicher  Smelting-Works 361  154 

Metals  fromMattC;  Freiberg 219  91 

Nagy-Barya 484  214 

Pribram  Smelting-Works 378  163 

Principal  countries  of  the  world Appendix  A.  223 

Rhine-Nassau  Smelting  Company 355  151 

Russia 492-497  216 

Saxon  mines 226  97 

Silver,  Sweden 61  25 

Smaller  Caiinthian  Smelting-Works 403  17 1 

Stolberg  Stock  Company 350  150 

Styria 412  173 

Sulphuric  acid  and  copper-vitriol,  Oker,  Smelting-Works 308  131 

Wald  Bugerschaft  Smelting-Works 476  212 

Zalathna 480  213 

Sulphuric-acid  manufacture : 

Freiberg ^ 108-120  46 

Kafreltorps  Stock  Company 58  24 

Mansfeld  Copper-Works 319  135 

Oker  Smelting-Works 306-308  130 

Villachlead 395  168 

Whi te-lead  manufacture,  Puntscharl  Works 405-407  17 1 

Zinc-desilverizatiou : 

Ems  Smelting-Works 367  155 

Germauia  Smelting  and  Refining  Works 10  4 

Herbst  &  Company 3:^6-343  144 

Lautenthal 275-290,297-298  118 

Mechernicher  Smelting-WorkS 359,360  153 

Stolberg  Stock  Company 347  148 

Styria 411  172 

Tarnowitz 326-331  139 

Zinc,  metallic,  production  at  Freiberg 135  57 

Zinc-vitriol  manufacture,  Julius  Hiltte 310  131 
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A. 

Subject.                                                 Riefort.  Vol.  Page.  Art. 

Abb6  L'Ep^e,  historical  sketch Edacation E  II  55  S7 

Academle,  Ban Machinery A  III  367  359 

Berg do A  III  3C3  357 

Acid,  phosphoric,  in  wheat YiennaBread B  II  7  12 

Do do B  II  15  39 

salphuric Chemical  Indtistry A  II  5  2 

tartaric,  in  self -raisiug bread YiennaBread B  II  91  198 

vegetable do B  II  9  19 

Ackerbaa-Hinisterinm Forestry....- I)  I  24  22 

Ackerman,  report,  extracts.    Bee  index  to Hetallnrgy^ E  lY 

Act  authorizing  the  appointment  of  United 

States  commissioners Introduction A  I 

Joint  resolntion,  appropriation,  of  Congress do * A  I 

A damson^s  steam-boiler Machinery A  III  137  141 

Admission  tickets Introduction A  I  76  52 

Adriance,  Piatt  &  Co. 's  mower do B  I  279  141 

Do do B  I  428  330 

Do do B^  I  312  164 

Aero-steam  engine,  Henderson's  theory Machinery A  I  151  158 

Affameurs Civil  Engineering C  III  28  31 

Afra  School  of  Forestry Forestry D  I  100  152 

Agricultural  development,  history Introduction B  I  316  172 

implements,  trial  of Machinery A  III  6  14 

machinery,  reports.   (Seelndeich, 
Maw  &  Dredge,  Michael.Schmied, 

Tisserand) Introduction B  I 

products,  Tisseraud  on do B  I  316  171 

Agriculture.    («e«  Fertilizers,  Food^  Tisserand.) 

colonial  policy do B  I  334  178 

Air-engines,  hot Machinery A  III  150  154 

Lehmann's do A  III  162  160 

Air-thermometers Physical  Apparatus F  II  13  17 

Albert's  photographic  process Photography D  II  18  46 

Albumen  and  starch Introduction B  I  469  373 

Albumen,  vegetable,  in  bread YiennaBread B  II  93  205 

Albums,  Hofksai's Printing  and  Paper OH  24  37 

Alcohols Chemical  Materials F  II  14  19 

A^letosoopes Photography D  II  14  33 

Algeria,  forest  area Forestry D  I  79  105 

AJgerian  ores  and  mines Metallurgy E  lY 

Algiers,  photographic  exhibits Photography D  II  13  30 

Allen-Porter  engine Machinery A  III  33  42 

Alloys  adapted  to  casting  in  chills do !! A  III  328  303 

A^lphabets,  Chinese  and  Japanese Printing  and  Paper O  II  24  36 

Morse's  telegraphic Telegraphs J  lY  18  25 

Alterian,  copper-ores,  treatment .' Metallurgy F  lY  106  243 

copper-vitriol  establishments do F  lY  112  260 

production do F  lY  115  266 

Aluminum Introdactiou ' B  I  365  232 

America,  {$*e  United  States.) 
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Subject.  Befost.  Vol.  Page.  Axt. 

America,  stone- working  in Working  of  St<»e D 

North,  exhibits  of  woods Forestry D 

South,  exhibits  of  woods do D 

American  and  British  nuioiiinery Machinery A 

ordnance .' do A 

steam  fire-engines do A 

tool-making do A 

beamengine do A 

carriage-wheels Wood  Industries., C 

clocks Instruments G 

locomotives Machinery A 

machinery,  British  opinion do A 

machine-tools do A 

mechanics  at  Vienna do A 

progress,  cause  of Introduction B 

publications ;  character Gorernment  Printing P 

telegraphic  exhibits Telegraphs I 

tools,  German  opinion  of Machinery A 

wood-work,  exhibits Wood  Indnstiiea C 

wood-working  tools Machinery A 

Amici'simprorement  in  lenses..^ Instruments G 

Ammonia  from  gas,  new  process FerUlizers C 

salts do C 

sulphate  of,  price do C 

Amyl  series Chemical  Materials F 

Anatomy Medicine  and  Surgery E 

Anderson.    {Set  Reports,  British.) 

Andreasberg  Metal- Works Metallurgy F 

Aneroid  barometers ,. Instruments H 

Angular  belt,  TTuderhill's Machinery A 

Apartment  buildings  at  Vienna 'Architecture A 

Do do A 

models Exhibition  Buildings Aa 

Heinricbshoflf. do Aa 

Apparatus  for  measuring  strains  in  girders Civil  Eagineering C 

Jaite's Telegraphs J 

Appenine  forests Forestry D 

Appleby  &  Brothers' steam-crane Machinery A 

Appleton«  D.,  St  Co.,  book-printing Printing  and  Paper O 

Apprentices  at  I'lmprlmerie  Nationale  Fran^aise  Government  Printing .....  P 

the  Staatsdmckerie,  Vienna do P 

Appropriation  by  Congress Introduction A 

Arbey  4b  Co.'8  planlng-machine Machinery A 

Archedfloors Architecture A 

Arohitectural  designs,  American  and  European do B 

development  in  Vienna ;...do A 

Abchitbcturb  and  Matbblajjb  of  Cokstbuc- 

TiON,  Beport  of  N.  L.  Bbkbt do B      IV 

Private  DwELLiKos  OF  ViKNNA, 

Beport  of  J.  R  NiERMSEB do i..  A      IV 

Architecture.    (See  Buildings.)  H 

of  American  churches «do B 

styles  of do B 

exhibition  buildings do A 

Areometers Physical  Apparatus F 

Armor-plate,  Sheffield Machinery A 

Armory,  Colt's,  («ee  Fire-arms) Introduction B 


IV 

21 

91 

I 

19 
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I 

13 
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III 
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381 
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193 
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36 

44 
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17 
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446 
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Annt,  equipments,  Henog*8  report Introduction B  I  480  387 

Annatrong'8  dovetailing  machine do B  I  S45  94 

Anny-aaddlea do , B  I  344  S06 

Aromatio  compoonda Chemical  Materiala F  II  15  96 

▲roaa,  photographic  catablishmenta Photography D  II  10  S3 

Arsenal  at  Vienna Bxhibition  Baildings Aa  lY  14  S7 

Arsenical  production  at  Freiberg Hetallnrgy F  IV  51  191 

Do do F  IV  56  131 

Akt,  GovBBiofSHTAL  Patbonaob  OF,  Koport 

of  E.  M.  Gallaudet ^ Patronage  of  Art K  II 

ATt,bnUding Exhibition  Baildings Aa  IV  11  18 

derelopment  in  Great  Britain Patronage  of  Art N  II  7  6 

French,  no  longer  sapreme do N  II  19  16 

'        government  commission  proposed do N  II  13  19 

patronage do N  II  7  5 

graphic,  Instruction  in,  Langl's  report Introduction B  I  451  361 

Lorck'sreport do B  I  377  953 

Masson's report....... do B  I  336  191 

museums,  application  to  industry Patronage  of  Art N  II  19  17 

of  war,  Mertian's  report Introduction B  I  343  900 

patronage,  no  support  needed Patronage  of  Art N  II  19  18 

standard  in  Europe do... N  II  U  14 

state  poUcy do ! N  II  14  91 

Artisicxal  Stone,  Stoxb  Woskino,  Beport  of 

I«oui8  J.  HiNTON Working  of  Stone D  IV 

AB.T  OF  PanmNo  and  Hanufactubb  of  Papbb, 

Beport  of  G.  W.  SiLcox Printing  and  Paper O  11 

Artillery,  Krupp's Metallurgy B  IV  76  61 

Artisans,  Viehnese Architecture A  IV  93  35 

Artist,  characteristics  of Printing  and  Paper OH  11  13 

Ashes  of  wood,  potash  from Fertilisers ^ C  II  51  55 

.  Asia^  fSiirs  in Introduction A  I  39  7 

Astronomical  photography do B  I  33d  193 

Aabois  canal-lock Civil  Engineering C  III  64  87 

Andemars  exhibit  of  watches Instruments G  II  16  91 

Anltman,  Miller  Sl  Co.'s  mowers  and  reapers : 

Schmied's  report Introduction B  I  977  137 

Maw  &  Dredge's  report do B  I  498  399 

Tisserand's  report do B  I  314  165 

Australia,  exhibits  of  wood ...Forestry D  I  39  47 

wheat ViennaBread B  II  18  45 

Austria,  forest  products Forestry D  I  19  18 

Lower,  forest  exhibits do D  I  98  99 

School  of  Forestry do D  I  98  149 

state  railroads,  forest  products do    D  I  40  61 

Upper,  exhibit  of  woods do D  I  39  30 

stateforests do D  I  69  86 

Austrian  brick  mannfkctnre Architecture B  IV  6  7 

horological  exhibits Instruments G  II  93  39 

locomotives .'. Machinery A  III  79.  87 

metallurgical  exhibiU Metallurgy B  IV  5  4 

process do F  IV  159  375 

photographic  exhibits Photography D  H  90  50 

plane-tables Instruments.. H  II  8  13 

reports,    {tee  Beports.) 

schools Education K  II  109  54 

^eep,  exhibits SheepandWool EI  19  13 

merlooes.  Cotswold-merino do E  I  13  14 
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Subject.  Repobt. 

AoBtrian  Staats-eiBenbalm-Gesellnchaft Machinery A 

terra-cotto Architecture B 

watches,  exhibit InetrnmentB G- 

wood-worhiog  machlDcry Machinery A 

Austro-Hungary,  («e«  Hungary.) 

lead  metal  industry Metallurgy F 

railroads Telegraphs I 

telegraphs do I 

employes do I 

offices do I 

wool  production Sheep  and  Wool £ 

Automatic  telegraphy Telegraphs I 

Do do J 

Automatism,  education  of Education K 

Auxiliary  telegraphs Telegraphs I 

ATeling  &  Porter's  engines Machinery A 

Avery  wool-spinner,  Anderson's  report Introduction B 

Serlo  &  Stolsers  report do ^ B 

Thurston's  report Machinery A 

Z^mau's  report Introduction B 

Awards,  London  exhibition,  1851 do A 

Paris  exhibition.  1855 do A 

Paris  exhibition,  1867 do A 

Paris  exhibition,  1867 Metallurgy E 

Vienna,  American  exhibits Introduction A 

classification  by  states do A 

distribution Machinery A 

distribution Introduction A 

distribution do B 

distribution  by  groups do A 

statistics,  general Machinery A 

tabular  exhibit Introduction A 

United  States  exhibits Machinery A 

B. 

Band-saws,  Fay  d&Co.'s Machinery i A 

Perin's do A 

« 

Bansome  d&Co.'s do A 

Richards,  London  Sc  Kelley's do A 

Whitney's do A 

Baden  school  of  forestry Forestry D 

BadoUet  dtCo/s  watches Instruments G 

Bakers  of  London Vienna  Bread B 

Bakery,  Vienna do B 

Baking,  coagulation  of  vegetable  albumen do  — B 

Balance-thermometer,  Siemens'  electrical Instruments H 

BalAuces Physical  Apparatus F 

sensibility  of r Instruments G 

Banat  wheat,  harvesting  and  grinding ViennaBread B 

Barley  bread do \ B 

Barometers,  aneroid Instruments H 

PiUischer's do H 

mercurial do H 

Kappeler's do H 

Barrages,  at  Port  4  r Anglais Civil  Engineering C 

between  Moutereau  and  Paris do C 

on  the  Seine  and  Yonne do C 

Barre  school  for  id  iota Education K 
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Barrels,  paper Printing  and  Paper K  II  87  39 

Barrowsteel Machinery A  in  406  387 

Fairbairn's  teste do A  III  406.  387 

ThnrsUm's  test do A  in  409  388 

works do A  in  406  385 

Barrows, tubular J...  Introdaction B  I  431  338 

Basins,  bydranlic Architectare B  lY  9  17 

oftheDannbe Hydranlio Engineering D  III  6  5 

Botteries,  telegraphic Telegraphs I  II  7  6 

telegraphic do J  II  16  81 

Belgian do J  II  9  8 

Callaad's do J  H  16  S3 

Daniell's do J  II  16  88 

Grove's do J  11  16  88 

Ban- Academie  at  Berlin Machinery A  m  367  359 

Bauer's  telegraphio  apparatus Telegraphs I  II  36  19 

Bavaria  School  of  Forestry Forestry D  I  97  134 

BaTsrian  clocks  and  watches Instmmento O  II  83  38 

sheeponltnre SheepandWod EI  12  13 

Baxter's  oil-printo Printing  and  Pa]Ar P  II  10  11 

Bayer  and  Laagl,  on  painting IntroduoCion B  I  439  350 

Beard  of  wheat,  removing Yienna  Bread B  II  87  61 

Bedding-stone Working  of  Stone .r...  D  lY  17-30 

Beef,canned Introduction : B  I  473  379 

Beet-root  sugar  cultivation do B  I  385  180 

Biloftic  area  and  produote Forestry D  I  93  137 

B:?lgian  artiflolal  stone Working  of  Stone I>  lY  45  55 

educational  exhibite Education L  II  17  19 

industrial  sehools do 1 L  11  17  80 

manuflusturea Machinery A  m  390  370 

history  of do A  III  389  369 

metallurgical  exhibite MetaUurgy F  lY  17  41 

photographs Photography D  H  15  38 

railroads Telegraphs I  n  60  48 

reverberatoiy  ftamaces MetaUurgy F  lY  18  43 

road-locomotives Machinery A  III  83  100 

schools Education K  11  103  56 

foridiote do K  II  77  34 

telegraphs Telegraphs I  11  60  48 

,                      administration do in  55  31 

employ6s do *  in  78  68 

offices .' do I  II  68  55 

Belgiumwoods Forestry I>  I  9  41 

Bellerophon,  iron-dad Machinery A  in  58  61 

Belleville  steam-boiler do A  m  131  143 

Belt,  Underbill's  angular do A  ni  334  318 

Belte  and  motors,  Radinger's  report Introduction B  I  414  309 

Benedikt  on  artlflcial  teeth do B  I  '438  341 

dental  apparatus do B  I  433  348 

Bente's  method  of  removing  beard  and  bran Yienna  Bread B  II  87  61 

Berg  on  book-binding Introduction B  I  409  308 

Berg-Academie  at  Freiberg Machinery A  m  363  357 

Bergman's  boiler do Am  138  146 

Berlin,  visit  to do A  in  364  358 

Bemay'spump do A  m  197  905 

Berryman's  feed- water  heater do A  m  134  149 

Berry,  wheat,  chemical  composition Yienna  Bread B  II  6  9 

proximate do B  n  8  16 
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Bessemer  process,  Aokernuia's  report  .....^ Metsllargj E 

steelin  the  Alpine  ooantry do E 

Biodtre,  school  for  idiots Ednoation K 

Bigelow*s  boot  and  shoe  machinery Introdaotion B 

Do Machinery A 

Binding  at  Tlmprimer ie  Kationale  Fran^aise . . .  Government  Printing P 

books,  Beig's  report Introdnction B 

Lott'sreport do B 

Binocular  telescopes Instmments H 

Binsfeldhammer  smelting  and  roasting  famaces .  Metallurgy F 

Kast-famaoes,  (#00  Fanaoes.) 

Battgenbach's do 

European,  dimensions do 

Bleiberg  Smelting  Company do 

Bleyberg,  ores  and  ftmace do 

Blondean's  theory  of  yeast-cells Vienna  Bread 


E 
E 
F 
F 
B 


Blood,  dried,  as  a  fertilizer Fertilisers C 

Bloomeries  in  Bohemia,  Moravia,  and  Silesia Metallargy E 

Blowing-apparatas  and  pamps  in  G^|piany Machinery A 

engines Metallargy £ 

of  the  Cleveland  district Machinery A 

Bobbin  for  sewing-machines Sewing-machines B 

Bocham  cast-steel  bells Metallargy B 

works do E 

coal-mines do E 

coke  blast-fomaces do  ..* E 

fhmaces do E 

iron-mines •. do ;..  E 

mining  and  steel  works do E 

steel  castings do E 

Bog  ores  and  limonite do E 

Bohemia,  B6ioiio  territory Forestry D 

estates,  area do D 

CoantChotek do D 

CoantXhon do B 

flsh-caltare. do I> 

forest-oaliare do B 

lands do B 

GrosZdikaa do D 

Joaohimsthaler  forest do D 

Neahof. do D 

Penao ...do B 

Skalicz do D 

Weltros do D 

woods • do B 

Bohemian  arches Architectare A 

Boilers,  Adamson Machinery A 

Belleville do A 

Bolzano, Tedesco  &Co do A 

constraotion, principlesof do A 


Davey-Paxman do 

Ehrhardt do 

Galk>way do 

trial do 

Howard do 

advantages  claimed do 

Meyer do 

Paockflcb  &.  Frennd do 
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'ISoiler8,Pitlcio8  Brothers Machinery A  III  109  126 

■ectional,  characterifttics do A  III  118  132 

hUtotioal  sketch do A  III  118  131 

trials do i A  III  11»  133 

Sigl do A  in  133  148 

Sinclair do A  III  127  140 

Bologna  Photographic  Society Photography D  n  15  34 

"Dolt  and  nut  machine.  Browji  &  Sharpe  ManU' 

factnring  Company Introduction B  I  331  259 

IBolt^flonr «...  Vienna  Bread B  II  49  109 

Boltingfloar do B  II  47  106 

Bolzano,  Tedesco  4t  Co/s  holler Machinery A  III  133  148 

grate do A  IK  133  148 

3ondingwftlls Architecture B  IV  7  10 

Bone-meal,  steamed,  composition  and  price Fertilizers C  II  46  45 

Book.binding,  Berg's  report Introduction B  I  409  302 

Lott'sreport do B  I  410  303 

Book  illustrations,  German Photography D  II  16  41 

printing,  D.  Appleton  &  Co Printing  and  Paper O  II  6  4 

Books,  Lecfiner,  Elar,  and  Riohter's  report Introduction B  I  447  356 

Boot  and  shoe  machinery,  Bigelow .' do B  I  249  98 

Do Machinery A  m  309  291 

Borsig's  exhibits MeUllnrgy E  IV  SO  45 

Locomotive  Works Machinery A  III  364  358 

Bonble  viaduct Civil  Engineering C  III  15  1 

Bouillon  School  of  Forestry 1 Forestry D  I  153  100 

Bonlton  i&  Imray's  pump Machinery A  III  199  210 

Bran, composition  of...' ViennaBread B  II  3  5 

duster do B  II  48  108 

proportion  of  flour  attached do B  II  48  108 

removal do B  II  27  61 

Brawn's  carbon  prints Photography D  II  19  48 

Braziliaji  photographs. do — ....^ D  II  7  8 

Bread,  (tee  Wheat.) 

Bread  block ViennaBread B  II  110  235 

Daglish's  aerated do B  II  91  199 

flour,  Viennese ^ do B  II  59  129 

leavened  and  unleavened do B  II  76  165 

light  and  heavy do B  II  84  183 

Pariswheat do B  II  88  193 

phosphatic do B  II'  92  201 

advantagesof do B  II  112  241 

introduction  into  Europe do B  II  112  242 

Meyer's  investigations do B  II  111  240 

Viennabakery do B  II  112  243 

porosity  of do B  II  77  166 

signification  of  the  word do B  II  75  164 

stale do B  II  94  210 

Vienna  excellencies do B  II  100  223 

Bbbad,  Vienna,  Reportof  £.N.Hob8FORD do B  II 

Breakwater,  concrete Architecture B  IV  11  22 

Breeding  sheep,  establishments  in  France Sheep  and  Wool EI  36  45 

modification  by  circumstances do EI  5  2 

progress  of  the  century do EI  5  1 

Brefeld  on  alcoholic  fermentation ViennaBread B  II  83  181 

Breguet*s  watches Instruments G  II  17  23 

report  on  cheap  watches do G  II  18  24 

Bricks Exhibition  Buildings Aa  IV  21  43 
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Brick  buildings  at  Yieon* Architecture A 

molded, monnfftoture  of l...do B 

YienDeae du B 

peculiar  kind *. do B 

Brick-kilns,  apartmeot Exhibition  Buildings Aa 

continual do 

Brick-making do 

Brick> work,  carved,  red  cement  fiff Architecture B 

in  tJie  United  SUtea do '. B 

Bridge,  Fink,  at  LoniaTille,K7..* Introduction B 

Bjudges,  L^  Beport  on  Buildixgs    op  the 

ExHiBinoK  AXD  Railboad  Structubes Exhibition  Buildings 

Brinckman  on  split-wood  manufkctnie Introdaction B 

▼eneers do B 

British,  (Me  Great  Britain,  England,  English.) 

British  and  American  machinery do B 

British  and  American  machinery Machinery A 

methods do A 

ordnance do A 

steam  fire-engine do A 

tool-making do  .-. A 

British  Colonies,  photographs Photography D 

woods Forestry D 

educational  exhibits Education L 

exhibitors Metallurgy S 

exhibits,  character  of do S 

machines,  various Machinery A 

exports Metallurgy E 

India,  educational  exhibits Education L 

photographs Photography D 

woods Forestry D 

iron-dad  Monarch Madiinery A 

iron  making do A 

and  steel  industry Metallurgy E 

navy Mabhinery A 

policy do A 

opinion  of  American  tools do A 

railroada Telegraphs I 

reports,  (tee  Reports.) 
sheep,  {tee  Sheep.) 

stone-working  machinery '. Working  of  Stone D 

telegraphs Telegraphs I 

tel^raphic  administration do I 

employes do I 

offices do I 

woodlands Forestry D 

wood-working  tools Machinery A 

workingmen  at  Yienna do A 

Brixlegg  Smiting  Company Metallurgy F 

Bronze  oast  in  chills Machinery A 

character  of  ordinary do A 

chilled,  cold-rolled do A 

cold-rolled,  B.  Dean's do « A 

eompardd  with  sted do A 

Uchatius do A 

Bbookb,    B.,   Report   on    Tbleobaprs   axd 
ArPABATUB Telegraphs J       II 
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Bbowx,  a.  B.,  Report  on  Goverkment  Printing 

IxsTiTUTiONB Qovernmeot  Printing P 

Brown,  Darling  &  Sbarpe's  tools Machinery A 

Brown  &  Sharpe  Hanaf!u>turing  Company *a— 

Xa  1  screw-nuichine do A 

No.4  screw-machine do A 

Anderson's  report Introdactiun B 

Hartig  and  others' report do B 

Nat  and  bolt  machine do B 

Plain  milliDg-macbine Machinery A 

Screw-machine Introduction B 

Tools Machinery A 

Universal  milling-machine do A 

Brotherhood  &  Hardingham's  engine do A 

Bml6a  Island  overfkll Civil  Eogineering  C 

Bronner,  Laner,  and  Zinner  on  shovels Introduction B 

Brunner's  theodolite Instruments 6 

Brush-machine,  Woodbury's : 

Anderson's  report iBtroduotion B 

Exner's  report do B 

Hartig  and  others' report do B 

Thurston's  report Machinery A 

Brussels  Exchange Architecture B 

Brunswick  school  of  forestry Forestry .' D 

Buchholz's  cylinder-mills Vienna  Bread B 

Buda-Pesth  bridge Hydraulic  Engineering D 

river  improvements  at do D 

Building,  (ue  Architecture,  Construction.) 

artof ExhibiUon Buildings Aa     IV         11        18 

progress  in  Austria,   bridges    and 

railroad  structures Architecture A 

Buildings,  Exhibition,  Dublin,  1853 Introduction A 

London,1851 do A 

London,  1802 do A 

NewYork,18S3 do A 

Psiis,  1855 do A 

Paris,  1867 do A 

Vienna,  1873 ...do A 

Vienna,  1873 Arohitectnre B 

Vienna,  1873...^ Exhibition  Buildings Aa 

framed Architecture.. B 

groups do A 

laws do A 

machinery  hall Exhibition  Buildings Aa 

materials Introduction B 

ofVienna Architecture A 

Neue  Freie  Presse Exhibition  Buildings Aa 

public,  location  of Architecture B 

regulations,  Vienna do A 

school,  (MS  Schools.) 

Staatsdrnckerei.....' Oovemmont Printing P 

Viennese Architecture B 

present  system-*. do A 

wooden Wood  Industries C 

Bokowlna  forests Forestry D 

Burback Metallurgy E 

Bnrmeister  &  Widn's  marine-engines Machinery A 

Buttgenbach's  blast-furnace Metallurgy E 

Bntylseries Chemical  Materials F 
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Cadminm lotrodactlon B  I  '36B  83S 

-Call  &  Co/s  works Machinery A  III  398  3D 

CaiMOD,  floating,  in  Danube Hydranlic  Engineering D  HI  7  6 

Cake,  learened  and  nnleavened Vienna  bread B  II  7t  IC 

•Caledonia,  New,  foresto Forestry D  I  81  110 

Calendar,  general,  of  the  exhibition Introdaction A  I  TB  Si 

California  exhibits do B  I  300  15« 

Calking  and  riveting  steam-boilers Machinery A  III  80  SO 

CallamVs  battery Telegraph J  II  16  2! 

Caloric  engine,  Ericsson's i  Machinery A  III  150  IS 

Cameron's  steam-pump do A  III  188  196 

Canadian  phosphate Fertilizers '.  C  H  43  97 

sewing-machines Sewing-Maohines B  IH  10  2 

Canal,  Donan Hydranlic  Engineering D  HI  6  6 

feeding,  Aisne  and  Mame do D  III  44  S 

lock,ofAubol8 do D  III  64  8^: 

Canned  food,  (cee  Food.) 

Caoutchouc Introduction B  I  334  19 

Oapron  water-wheels do B  I  STS  127 

IH) Machinery A  HI  177  1« 

Carbon-prints Photography D  H  17  44 

collodion  negatiTes do D  II  IS  S7 

discovery do D  H  11  23 

process,  Obemetter's do D  II  19  « 

Carel's  locomotive Machinery A  HI  70  83 

Carinthia  forests  products Forestry D  I  88  27 

sUte do D  I  74  91 

mining  companies.., MetaUnrgy F  FV  168  380 

Camiola  forests Forestry D  I  91  M 

Middle  and  Lower do D  I  Si  SI 

stateforests do D  I  75  98 

Oarpenter,  C.  F.,  Beport  on  Ikbtbuments  of 

Pbbctsion Instmments G  H 

-Carpentry Architecture B  IV  18  » 

Flattich's  report Introduction B  I  408  Sfc 

Carrara  marble Architecture B  IV  16  S3 

Caseine ViennaBread B  H  9  21 

Car-building  in  Germany Machinery A  IH  300  354 

Carriages '. Wood  Industries C  IV  6  3 

Cars,  hospital Introduction B  I  479  3^ 

Cartography,  Zaffauk's  report do B  I  433  36 

Carved  brick- work,  cement  for Architecture B  IV  9  13 

Castings,  cement do B  IV  10  1- 

iron do B  IV  13  «4 

Cast  iron  in  construction do B  IV  13  33 

Cast-steel  bells,  Bochum Metallurgy B  IV  lU  9( 

in  the  Alpine  country do B  IV  14  13 

Whitworth's  compressed Machinery A  HI  430  415 

works,  Bochum Metallurgy E  IV  111  9t 

Catalogue,  United  States  section Introduction A  I  190  63 

Cathetometers ■ Physical  Apparatus F  U  5  3 

Cayley's  hot-air  engine Machinery A  HI  157  151 

Ceilings , Architecture A  IV  14  83 

mode  of  plastering do A  IV  tt  1^ 

Cells,glaten ViennaBread B  H  54  n 

illustrated do B  U  69  146 

starch do B  H  73  154 
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Ceil8,7ea8t YiennftBread B  11  78  169 

Blondeau'a  theory do B  II  79  173 

oavitiea  in do B  H  79  179 

effectof do B  II  80  175 

effeotofheat do B  II  80  173 

effect  of  Hdation  of  sugar do B  II  79  173 

Cemento Exhibition  Baildinga A  IV  18  37 

Aoatrian Working  of  Stone D  IV  36  43 

quality  of Arohitectore A  IV  12  19 

hreakwatere do B  IV  11  2S^. 

eastings do B  IV  10  18 

flooring Working  of  Stone D  IV  36  37 

foundations Architecture B  IV  9  16- 

finish , do A  IV  11  17 

Portland.. Working  of  Stone D  IV  34  41 

red,  for  oarred  brick-work Architecture B  IV  9  15* 

SanlUok Working  of  Stone D  IV  36  43 

structures Architecture B  IV  10  19 

Cerealine .' ViennaBread B  II  9  24 

Cereals  ak>ng  Northern  Pacific  Bailroad Introduction B        I  998  151 

Ceylon  forests Forestry D       1  39  44- 

Chain-towage  «t.  paddle-wheels Machinery A  III  53  58 

Charcoal  of  Styria..... ..Forestry D  ift  39  36. 

Charles  VI,  enoooragament  of  architecture  ....  Architecture A  IV  90  3t 

Charts,  mural Intrudnction B        I  357  999 

Chemical  Katkriau 


']  [  Chemical  Materials F 

»-  >  Beport  by  W.  OiBBfi. . «!   -dv-^j^-i  a  ^^«..4.„.  v 

PABATU8 J  [ 


n 


AKD  PhtMcal  Af- S Beport  by  W.GlBBH..^  Physical  Apparatus F       II 


Cmkicical  Ikdustbt,  Beport  by  J.  F.  Smith Chemical  Industry A  II 

Hofflaian's  report Introduction B  I  364  930 

products  from  excreta Fertilisers C  II  56  64 

Chemical  glass-ware... Chemical  Materials .^...  F  II  18  98 

Chemicals,  Kopp*8  report Introduction B  I  468  369 

classiflcatlon Chemical  Industry A  11  5  1 

Chemistry  and  materia  medica Medicine  and  Surgery £  II  12  ft. 

of  fats  and  oils Chemical  Industry A  II  7  7 

Chevlotsheep SheepandWool E  I  •  99  37 

Chief  Bxbcutivb  Commimioneii,   Report  by 

H.0AmBBi80N Chief  Executive 

Chills,  alloys  best  for Machinery A  III  398  30 

bronse  castings do A  III  396  300 

China,  Cochin,  photographs Photography I>  II  13  30. 

printingin Printing  and  Paper O  II  34  35- 

woodexhibito Forestiy D  I  30  43. 

Chinese  alphabets Printing  and  Paper O  II  94  36 

ironworking Metallurgy B  IV     16a 

paper Printing  and  Paper O  II  91  98 

imitations do O  II  33  31 

Chloride  of  lime,  mannfioture Chemical  Industry A  II  7  4 

Choltita,  Count,  estate Forestry D  I  93  198 

Chotek.  Count,  esUte do D  I  99  194 

Chromo-lithography Printing  and  Paper O  II  9  7 

advantagesof do O  II  11  U 

Grefe's  report Introduction B  I  411  30& 

history Printing  and  Paper O  II  9  8 

methods do O  II  9  7 

progress do O  II  9 

Chronometers,  (see  Watehes.) 
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Chnrcb  architecture Arcbftectare B 

Cbarches  for  work-people Metallurgy E 

Cbncks,  Hortoii*8  lathe MacbiDery A 

Civil  Exoineehdcg,  Pubuc  Works,  and  Archi- 

TKCTURB,  Report  by  W.  Watson Civil  Engineering C 

Civil  engineering,  Kleitz's  reiKnrt Introduction B 

Claparede  &.  Co.'8  locomotives Machinery A 

Clausthal,  lead-smelting  at Metallurgy F 

Clayton  ft  Shuttleworth's  engines! do A 

Cleaning  sowing-machine  castings Sewing>Machinea B 

Cleveland  mining  district Machinery A 

ores  and  fuel do A 

Climate  of  Hungary Vienna  Bread B 

affecting  amount  of  nitrogen  in  wheat do B 

Clocks,  American Instrumenta G 

Austrian do G 

Bavarian do G 

Dnt«h do , G 

electrical do G 

French do G 

history  of do G 

peculiar!  ties  of do G 

Swiss Machinery A 

tower Instruments G 

Westminster do G 

Cloth,  (see  Cotton.) 

Cloth-cutter,  Warth's Introduction B 

I>o Machinery A 

Clothing,  linen,  ready-made Introduction B 

Club-houses Metallurgy E 

Coal,  Hoffman's  report Introduction B 

mines  of  Bochum  ...» Metallurgy E 

Pennsylvania Introduction B 

Rassia  production Metallurgy E 

Coal-tar  products Chemical  Industry A 

Cobalt,  Kupelwieser's  report Introduction B 

Serlo  and  Stolzel's  report do B 

Cockerill  locomotives Machinery '..  A 

oscillating  engines do A 

works do A 

history Metallurgy B 

Cohu  on  sewing-machines Introduction B 

Coignard  pump Machinery A 

Coins,  value  of Introduction A 

Do t do B 

Coke  blast-fomaces,  Bochum Metallurgy E 

fnrnaces,  Bochum do E 

Cold-rolled  bronze Machinery A 

Dean's do A 

shafting do .•  A 

Anderson's  report Introduction B 

Holmes*  report do B 

Cold-rolling,  applications  of Machinery A 

Colladon's  floating  wheels do A 

CoLUER,  P.,  Beport  on  Commercial  Fertilizers  Fertilizers C 

Collodion  negatives Photography D 

Collins  dtCo.'8  plows Introduction B 

Colonial  agricultural  policy do B 
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Subject.  Report. 

Colorinj;  matoriale,  artificial Chemical  Imlaatry A 

Colt's  armory Introduction B 

Commerce,  Richter's  report do B 

CoMMBuci AL  FiRTiLiZBKs,  Bepoct  by  p.  Collier .  Fertilizers C 

Commissioners,  United  States Introduction A 

assignment  of  doties Forestry D 

regulations Introduction A 

Committee,  advisory,  of  citizens do A 

Conoentration  of  salphnrio  acid .  .• Chemical  Industry C 

Condensation,  surface Machinery A 

Condd  water-works Hydraulic  Engineering D 

Conductor,  telegraphic Telegraphs I 

Do do J 

Cone-pulleys  for  lathes Machinery A 

Congress,  International Introduction A 

of  millers,  desirable Vienna  Bread B 

act  authorizing  appointment  of  United 

States  commissioners lotrodnction A 

joint  resolution,  appropriation do A 

Conservatoires  des  Arts  et  Metiers Machinery A 

Constantinople,  sf'.hool  of  forestry Forestry D 

Construction,    Materials    of.     Report   by 

N.  L.  Derby Architecture B      IV 

Construction    of   Private    Dwellings   in 

Vienna,  Report  by  T.  S.  NiERNS^B Architecture A      IV 

Construction,  {tee  Architecture.) 

buildings  in  general *. Exhibition  Buildings Aa      IV         16         33 

exhibition  buildings do Aa      IV           8        13 

special  services do Aa      IV         16        33 

superintendence do Aa      IV         16        31 

Cooling  of  flour Vienna  Bread B       II          43        96 

Cooperage TVood  Industries C       IV         14        14 

Copper,    &c.,   Metallurgy  of.    Report  by 

H.  Painter Metallurgy F      IV 

Copper Introduction B        I         369       240 

Brixlegg  Smelting  Works Metallurgy F       IV       165       383 

extraction,  at  Altenau do F       IV     •  106       243 

Kafveltorps  Stock  Company do P      IV         23        53 

Lower  Hungary do F       IV       194       443 

Do • do F       IV        209       470 

Mansfield  Copper  Works do F       IV        135       330 

Oker  Smelting  Works do P       IV        127       300 

Do do P       IV        129       304 

Russia,  arsenical  ores do F      IV       215      489 

reflning-hearths do F      IV       216       491 

reverberatory  furnaces do F      IV       916      491 

Copper-plate  printing Printing  and  Paper O       II          10        10 

Oopper-vitriol  at  Altenau Metallurgy F      IV        113      260 

production do F      IV        115      266 

Freiberg do P      IV         86      208 

Oker  Smelting- Works do F      IV        130      30S 

Coprolitcs,  English Fertilizers C       II          17        15 

Copyists,  continental  nations  as Machinery A     III         11        23 

Corinthian  furnaces,  sections  of Metallurgy E      IV         21        23 

-Com,  nutritive  value  of ViennaBread B       II        110      236 

Coniices  of  molded  stone Working  of  Stone D      IV         10         8 

Correspondence  by  telegraph Telegraphs I       II        .83        73 

Corrugated  iron Architecture B      IV         14        27 

Corundum  and  emery Introduction . B       I         369      2.)7 
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SuBJKCT.                                                 Bepobt.  VoL  Page.  Art. 

CoUwold  sheep SheepandWool £        I  21  S6 

mertnoes do EI  13  14 

CottoD, Peez*8 report Intxodnotion B,       I  404  S93 

Tisaerand'a  report do B        I  399  153 

Cotton  go9d8,  Peez's  report do B       I  404  ^ 

Weijsert'8  report do B        I  374  8« 

Cotton  machinery,  German Machinery A  III  3S6  344 

Cotton  manaiactare,  Delhaye's  report Introduction B        I  332  18S 

Swisa Machinery A  III  348  324 

Cotton  printing  and  dyeing IntrodacUon B        I  475  383 

Cotton-epinning,  Fees*8  report do B        I  404  S93 

Steiger-Meyer*8  report do B  I  47S  380 

Cotton-weaving,  Peex'8  report do B  I  404  993 

Steiger-Meyer'a  report do B  I  475  381 

Conrta  of  Justice,  Georgs-Marien-Hutte  Co Metallurgy £  IV  lOi  :i 

Cradle Education K  II  6 

Cranes,  ateam,  Appleby  £  Co Machinery A  III  335  315 

Wilson  &Co.'8 do A  III  335  315 

Crtehes Education K  II  6  3 

Creuaot;  Schneider  4t  Co Metallurgy E  IV  116  91 

Crewe,  laUroad  repair-shops  at Machinery A  III  401  ses 

Cross-breeding,  efficiency  of SheepandWool EI  38  ti 

inFraace do EI  34  43 

Crydlites Introduction B  I  365  233 

for  making  soda Chemical  Indoatry A  II  6  3 

Crystals Chemical  Materials F  II  7  e 

Cumberland,  and  the  hematite  district Machinery..* A  III  4(3  384 

oi-ea I do A  III  400  3e« 

CupeUation-fumace t Metallnigy F  IV  158  374 

utter-grinder,  Pratt  &  Whitney  Company's....  Machinery A  III  »6  S34 

ut-ofi  of  the  Danube Hydraulic  Engineering D  III  5  3 

Cum,  K.  D.,  Keport  on  Ikbtbuxektb  of  Pbe- 

ciaiON Instruments : H  II 

Cylinder-mill,  Bnchhols's Vienna  Bread B  II  61  13S 

porcelain do B  H  41  102 

Cylinder-milling do B  II  4*  »7 

D. 

Dalmatia  woods Forestry D  I  30  3 

Damplimot  on  ffilk  and  silk-industries Introduction B  I  33S  If< 

Dams  on  the  Ybbs  and  Earlaf Hydraulic  Engineering D  III  9  13 

DanieU*8  batteries Telegraphs J  II  16  Si 

DanubeKiver Hydraulic  Engineering D  III  5  I 

cntK>fni do D  III  5  i 

embankments do D  III  6  4 

baaina do D  HI  6  5 

DonauCanal do D  III  6  < 

floods  and  ice-gorges do D  III  6  ^ 

caisson do D  III  7  & 

Lower,  improvements do D  III  7  ' 

Buda-Pesth do D  III  6  W 

D'Arlincourt^s  telegraphic  apparatus Telegraphs I  II  40  Si 

Darling,  Brown  ^1&  Sharpens  tools Introduction B  I  S4S  ^ 

Do Machinery A  III  319  tM 

DaugUsh's  aerated  bread ViennaBread B  II  91  l» 

DaTanne  on  photography Introdoction B  I  337  i^ 

Darey-Paxman  steam-boiler Machinery A  III  1:27  U* 

Davis,  C,  Report  on  Hydrauuc  £n*gi^e£ring.  .  Hydranlic  Engineering D  III 
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Deaf -Mutes,    Instruction    of,    Report   of 

£.  M.  Gallaudet Deaf-Mutes M  II 

De.if-mutea,  Amerioan  exhibits do M  II  5  3 

Anglo-American  school Edacation K  II  64  23 

Earopeau  exhibits Deaf-Mutes M  II  5  2 

Friedberg  exhibits do M  II  9  8 

Heinicke's  school Edacation K  II  .43  19 

Hernandez's  school do K  II  49  34 

Hollando-German do K  II  43  19 

HUl'sschool do K  II  43  19 

reports Deaf-Mntos M  II  6  5 

schools  and  other  methods Edacation K  II  41  8 

Spanish-French do K  II  49  24 

Dean's  cold-rolled  bronze Machinery A  III  321  295 

Decker  Brothers' pamping-engine do A  III  189  197 

Deep-sea  thermometer,  Siemens' Instruments H  II  10  19 

Deere  &  Co.'s  hoes Introduction B  I  273  131 

Definitions,  learning  of _ Edtication K  II  70  31 

Delhaye  on  cotton-mauufactaring Introduction B  I  332  188 

Dempwolff'a  analysis  of  wheat ViennaBread B  II  73  153 

at  Pesth do B  II  103  229 

Deninger  on  leather : Introduction B  I  375  250 

Indiarabber do B  I  375  251 

Denmark  photographic  exhibits Photography D  II  15  37 

telegraphic  administration Telegraphs,. I  II  32  55 

Dental  apparatus Introduction B  I  432  342 

manufactures do B  I  342  199 

Dentistry Medicine  and  Surgery E  II  11  5 

Derut,  N.  L.,  Report  on  Architecture  and 

Mateblvls  op  Construction Architecture B  lY 

Designs,  architectural do ^ : B  IV  23  52 

defects do B  IV  6  5 

Devastation,  ironclad Machinery A  III  434  411 

Dextrine ViennaBread B  II  92  203 

and  its  homologues do B  II  13  32 

andsugar do B  H  9  20 

Diamonds Introduction B  I  370  243 

Diamond-saw,  Young Working  of  Stone D  IV  16  14 

Die-sinktng  machine,Pratt  &  Whitney  Company's  Machinery A  III  227  236 

Dillinger  Company's  exhibit Metallurgy E  rv  71 

Dingler-Ehrhardt  componnd  engine Machinery A  IH  31  41 

Diplomas  of  honor Introduction A  I  200  68 

Do Machinery A  III  9  17 

Diseases  of  wheat ViennaBread B  II  2L  51 

Disintegrator,  millers' '....do   B  II  46  104 

Dividing  engine Physical  Apparatus F  II  6  4 

Dodge,  J.  R.,  Report  on  Sheep  AND  Wool SheepandWool * E  I 

Dome  of  exhibition  building Exhibition  Buildings Aa  IV  9  13 

details do Aa  IV  11  17 

framing  of  roof do Aa  IV  9  15 

girder do Aa  IV  9  14 

lantern do.  Aa  IV  tO  16 

Domestic  Lithograph  and  Printing  Company  . . .  Printing  and  Paper O  II  8  6 

Donan-Gesellschaft  engines,  &c Machinery A  III  57  59 

Doors,  construction  of Architecture A  IV  16  26 

DOKSMUS,  C.  A.,  Report  on  Photography  at 

Vienna Photography D  II 

Dorseta • SheepandWool EI  28  35 
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Si'iMECT.                                                  Report.  Vol.   Paj^e.  Art. 

Donble  transmissioD  by  telegraph Telegraphs J  II         SS       18 

Doagh,  action  of  lime-water  on ViennaBread B  II         85     1» 

honrtomake do B  II        103     227 

preparation  of do •. B  II         99     £j» 

roomatVienna do B  II          8«3     219 

\rhatoan8e«itU)"ran" do B  II          74      l« 

DoretailiDg-macbineB : 

Armstrong's Introduction B  I         343       94 

Halls Machinery A  m       357      d6C 

Knapp's,  Anderson's  report Intro«iaction B  I         346       93 

£xner*e  report do B  I         483      SI* 

Hartig  and  others' report do B  I         383      26') 

Dowlais  "Works,  Soath  Wales Machinery A  III       448      41? 

Drainage Architectare B  IV         «       4- 

Dresden,  and  its  Polytechnic  School Machinery A  III       383      3:« 

Drill,  American Introdaction B  I         374      134 

press  for  sewing-machines Sewing-Machines B  III         30        ' 

sharpener,  Sellers  &  Co Introdaction B  I        835       T^ 

twist,  Morse's do B  I         843       »I 

Drugs,  Schroffs  report • do B  I         463      3K 

Dublin   International  Exhibition,  (see  Inter* 
national  Exhibitions.) 

Dubroin's  photographic  exhibits Photography D  II          11       33 

Duke  of  North  umber  Und's  Alnwick  Castle Architecture B  IV          18       34 

•  _ 

Dumont,  Neut  &,  centrifugal  pump Machinery A  III        197      906 

Duster  for  bran '. ViennaBread B  II          48      K* 

Dutch,  {tee  Holland,  Netherlands.) 

Dutchclocks Instruments G  II          35       S^ 

schools  for  idiots Education K  H          77       34 

DwELUNGS,  Private,  op  Viekxa,  Report  by  J. 

ICiERXSKB ., Architecture A  TV 

Dyeing Introduction B  I         475      St-J 

and  printing  in  Switzerland Machinery A  HI       343      323 

E. 

Earle's  steam-pump Machinery A  HI       189      IW 

Earlswood  school  for  idiots Education K  II          83       3.) 

Edison's  automatic  telegraphy Telegraphs I  II          13       13 

duplex  telegraphy do I  II          34       1^ 

Education,  Report  by  J.  W.  Hoyt Education L  II 

Education,  Report  by  E.  Seguin do K  It 

Education,  {see  In8tructi6n,  Schools.) 

of  automatism Education K  II          17        ^ 

ofbothsides do K  11          39       14 

by  example  and  competition 'do  : L  H          33       4.- 

free  education do ., K  II           3        1 

in  general do K  K          99       4* 

ofthehand do K  II        114       t^ 

of  idiotf,  («ee  Idiots.) 

oflanguage Education K  II        119       Ti 

Levasseor's    report,    {see   Reports, 

French Introduction '. B 

modem  tendencies  of Education K 

National  Bureau  of Introduction B 

objectof Education K 

Paris  and  Vienna do L 

physiological do K 

principles  and  methods do L 


I 

3Sd 

2i: 

I( 

1«3 

n 

I 

448 

:c: 

n 

1)3 

« 

II 

5 

f 
* 

11 

133 

n 

n 

33 

.•) 

GENERAL    INDEX.  19 
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Edacation  of  the  BCDses Education K       II  115  68 

indostrial do K  II  117  70 

medical do K       II  116  69 

sexin do E       II  129  77 

throQgh,  not  of  the  senses do K       II  33  16 

Tschadi's  report Introduction B        I  482  88 

in  the  United  States Education L  II  33  51 

of  workmen  at  Vienna do L  II  22  24 

Educational  appliances,  Fussell's  report Introduction B        I  280  143 

exhibits Education L  II  8-3 

Egyptian do L  II  18  23 

technical Machinery A  III  341  319 

Egger  Smelting  Works Metallurgy F  IV  170  399 

Egypt,  educational  exhibits Education L  II  18  23 

photograph  ical  exhibits Photography D  II  22  57 

forestarea Forestry D        I  77  103 

Ehrenwerth's  pnddler Metallurgy E  IV  50  33 

Ehrhardt-Dingler  boiler Machinery A  III  132  145 

engine do A  III  31  41 

Electical  bridge Instruments H  II  11  22 

clocks do G  II  27  35 

deep-sea  thermometer do H  II  10  19 

machine.Hols Physical  Apparatus F  II  11  14 

Electricity  and  magnetism do F  II  9  12 

Embroidery,  Swiss Machinery A  III  189  386 

Emery  and  corundum Introduction B  I  369  237 

Ems  Smelting  Works Metallurgy F  IV  155  363 

Encaustic  tiles Working  of  Stone D  IV  24  28 

Encepbalon  training Education K  II  23  12 

Ekgdteering,  Civil,  Report  by  W.  Watson Civil  Engineering C  III 

Kleitz's  report Introduction ;B  I  345  207 

E.VGiNSEBiNO, Hydraulic, Report  by  C.Davis..  Hydraulic  Engineering D  III 

Engines,  (Me  Locomotives.) 

»ro-steam,  Henderson's  theory Machinery A  rn  151  159 

blowing do A  III  412  392 

caloric , do A  lU  150  154 

Ericsson** do A  III  150  155 

Lehmann's .^. do A  III  162  160 

Sterlings .* do A  III  151  156 

gas,  compared  with  steam-engines do A  III  149  153 

Brayton's do A  III  165  164 

Thurston's  trial  of do A  III  165  165 

Lenoir's do A  in  163  161 

non-explosive, adyantages of do. A  III  168  168 

Otto  &  Langen's » do A  III  168  169 

Tresca's  trial do A  HI  171  170 

theory  of,  Rankine's do A  HI  174  177 

steam,  eero,  Henderson's  theory do A  III  151  158 

American Introduction B  I  415  310 

beam Machinery A  III  59  64 

British,  efficiency  of do A  III  424  401 

Brotherhood  &  Hardingham's do A  m  37  44 

Burmeister  4t  Waine's do A  III  52  56 

Clayton  &  Shuttleworth's do A  III  101  115 

Cockerill's  oscillating do A  HI  58  62 

compared  with  gas-engines do A  III  149  153 

dimensions,  table  of do A  HI  39  47 

double-cylinder do A  m  49  55 
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Subject.  Kepokt.  Vol.   Page,  Art. 

EogiDcs,  steam,  Bonan-Gesellschaft's Macbinery A 

Ehrhardt-Dingler's do A 

fire,  (9ee  Fire  engines.) 

Galloway's do * A 

historical  sketch do A 

Marshall,  Sods  &^Co.'s do A 

Monarch,  iron-clad do A 

Kew  York  Safety  Steam  Power 

Company's do A 

Do Introduction B 

Norwalk  Iron  Company's Machinery A 

Do Introduction B 

Do do B 

Penn&Co.'s Machinery A 

Pickering's do A 

Do Introduction B 

Do do B 

portahle,  economy  of Machinery A 

trade  in do A 

Porter- Allen do A 

Beading  Iron  "Works' do A 

Robey  &Co.'s do A 

Schneider  d&  Co.'s do A 

Sellers  dcr  Co. 'a Introduction B 

Siemens' Macbinery A 

Socindt  Wicks' do A 

Stabilimento  Delmico  Triestino do A 

Sulzer  Brothers' do A 

Tangye  Brothers' do A 

traction,  and  road  locomotives do A 

Turner  &.  Co.'s do A 

England,  {see  British,  Great  Britain.) 

England,  consumption  of  fertilizers Fertilizers C 

coprolites do C 

importation  of  guano  1840  to  1861 do C 

fertilizers  1861  to  1873 do C 

Knglish  schools  for  idiots Education K 

superphosphates '. Fertilizers C 

telegraphic  administration Telegraphs I 

instruments do I 

lines do J 

tiles Architecture B 

traction-engines Machinery A 

watches Instruments G 

Ennis,  K.  and  T.  A.,  job-printing Printing  and  Paper O 

Equipments,  army,  Hcrzog's  report Introduction B 

Ericsson's  caloric  engine Machinery A 

Escapements,  tourbillon Instruments G 

Essen,  Kmpp's  works  at Machinery A 

Essex  County  (New  York)  iron-ores Metallurgy E 

Essex  Hall,  school  for  idiots Education K 

Etching,  by  Tilghman's  sand-blast Introduction B 

Ethyl  series Chemical  Materials F 

EuBOPEAX  Manlfacturino  Districts,  Report 

by  RH.  Thurston Machinery A 

European  copies  of  United  States  machinery do A 

forest  adm  i  d  istration Forestry D 

machinery  practice Machinery A 
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Enropean   machinery  practice,    iDflaence   in 

United  States Machinery A 

manufactarers,  position  of do A 

work  of do A 

telegraphic  condactora Telegraphs J 

ink- writer do J 

inanlator  teats do J 

relays do J 

service do J 

sewing-machines Sewing-Machines B 

sheep Sheep  and  Wool E 

wheat Vienna  Bread B 

Enteuberg  Forest  School Forestry D 

Exchange  at  Bnissels Architectare B 

Excreta,  (gee  Fertilizers.) 

Excreta,  chemical  products  of Fertilizers C       II  5G        64 

Exhibition  Buildixgs  axd  Railkoau  Strlt- 

TLRES,  Heport  by  L.  Bkidoes Exhibition  Buildings Aa 

Exhibition  buildings Architectare B 

Lyons Machinery A 

review  of do A 

success  of do A 

Exhibitions,  (see  Fairs,  International.) 

Exhibitions,  industrial,  earliest Introduction A 

origin  of do A 

French,  origin  of do A 

Exhibitors,  faults  of  management Machinery A 

United  States,  success  of do A 

Do Exhibition  Buildings Aa 

Exhibits,  classification,  Dublin,  1853 Introduction A 

London,  1851 1 do *  A 

London,  1862 do A 

New  York,  1853 do A 

Paris,  1855 do A 

Vienna,  1873 do A 

distribution  by  nations Exhibition  Buildings Aa 

general,  character  of Machinery A 

national,  character  of do A 

of  California Introduction B 

of  States  {United  States) do A 

Exmoor  sheep Sheep  and  Wool E 

Exner,  (see  Reports,  Austrian.) 

Expansion  of  steam,  economic  gain  by Machinery A 

maximum  effect  by do A 

Experience,  lessons  from Education K 

F. 

Fabrics,  textile,  Weigert's  report Introduction B 

Fagersta  iron-ores  and  limestone Metallurgy E 

steel,  Kirkaldy's  experiments do £ 

gun-barrels do E 

plate,  test  of do E 

works,  exhibit do E 

Fairbaim's  tests  of  Barrow  steel Machinery A 

Fairfikld,  G.  a.,  Report  on  Sewing-Machuces.  Sewing-Machines B 

Fairfield  Works  of  Elder  &  Co Machinery A 

Fairs Introduction A 

Fats  and  oils,  chemistry  of Chemical  Industries A 
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Feed- water  heater Machinery A  III  134  149 

FehliDg'B  analysis  of  bread ViennaBread B  II  96  S13 

Ferracntatioii do B  II  77  167 

alcoholic do B  II  F3  1» 

changesby , do B  II  111  240 

effectof do B  II  83  13 

lossdueto do B  II  96  215 

theories  of do B  II  61  ITT 

Ferro-manganese  of  Kesicza Metallurgy E  IV  46  2T 

FEUTILIZER8,  COMMERCIAL   Keport  by  P.  COL- 

UER Fertilizers C  II 

American,  analysis do C  II  36  36 

composition do C  II  37  37 

price do C  II  39  3a 

value do C  II  3-^  36 

commercial,  exhibits do C  II  10  9 

frauds  in  manufacture  and  sale do C  II  41  ^) 

importation  into  England do C  II  15  1-3 

manufacture  and  sale , do C  II  41  ♦^ 

potash do C  II  52  i^' 

slaughter-house  refuse do C  II  49  53 

Schmied's  report Introduction B        I  399  fc5 

Fibriue,  vegetable ViennaBread B  II  9  SI 

Fife-w heat,  Minnesota Uo B  II  56  129 

milling  process do B  II  56  123 

Finances  of  Paris  exhibition,  I  b67 do B  II  57  42 

Fire,  precautions  against Architecture A  IV  15  i4 

Fire-box,  Belpaire's Machinery A  IH  7d  9i 

Fire-arms,  Hirsch's  report Intnnluction B       I  475  3*3 

Mertian's  report do B       I  343  9W 

Remington's  report do B        I  255  Ui 

Russell's  report do B        I  234  HI 

Scmrad's  report do B        I  346  31* 

Sharpe's  report do B        I  253  113 

Smith  &  Wesson's  report ao B        I  255  IH 

Fire-engines,  steam,  American  and  British Macliinory A  HI  106  123 

meritsof do A  III  106  )21 

historical  sketch do A  III  107  lH 

rotary do A  III  103  ia> 

Silsby  Manufacturing  Co ...do A  III  105  l^i 

Fish,  Hamilton,  Secretary  of  State,  Intro- 
ductory Letter Introduction A  I 

Fish do B  I  472  T.J 

guano Fertilizers 4 C  II  47  4^ 

scraps do C  II  47  46 

Flashes  on  the  Yonne Civil  Engineering C  III  27  '-' 

Flagging,  Yorkshire "Working  of  Stone D  IV  26  ?^ 

Flattich  on  house  carpentry Introduction B  I  44W  S&? 

Floods,  protection  against Hydraulic  Engineering D  III  6  ' 

Floors,  arched Architecture A  IV  17  2* 

Austrian do B  IV  19  37 

cement "Working  of  Stone D  IV  30  Ti 

construction Architecture A  IV  16  ^ 

materials "Working  of  Stone D  IV  31  > 

Florence,  school  of  forestry Forestry D  I  97  140 

Flour,  aroma  of ViennaBread B  II  74  l'** 

bolt do B  n  49  U» 

changes  in  becoming  bread do B  II  93  9i*l 
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Floar, cbaracteristics  of YicnnaBread B  II  68  143 

chemical  examiDation  gf do B  II  75  161 

Hungarian do B  II  71  149 

light  bread  from do B  II  84  183 

low  and  high  milled do B  II  73  156 

No.  O  and  A  grits do B  II  73  155 

eelf-raising do B  II  91  198 

southern do B  II  66  138 

testingof do : B  II  74  156 

Vienna  bread do B  II  59  129 

Flues,  laws  relating  to Architectare A  IV  15  25 

Fly-presses,  German Machinery A  III  357  348 

Food,  {see  Agriculture,  Ott  Thiel,  Xisser&nd, 
Warlianek,  and  Wines.) 

industries,  machinery  of Machinery A  III  358  349 

of  plants Fertilizers C  11  5  1 

Forests  and  Fobesthy,   Keport  by  J.    W. 

Wabdbr Forestry D  I 

Forestry  of  Lower  Austria do D  I  68  84 

schools  of,  Austria do D  I  98  143 

Austro-Hungar}' do D  I  99  147 

Baden do D  I  97  140 

Bavaria do D  I  97  134 

Belgium do D  I  100  153 

Brunswick do D  I  97  137 

France do D  I  100  150 

Germany do D  I  96  133 

Do do D  I  98  141 

Hanover do D  I  97  133 

Hesse-Darmstadt do D  I  97  139 

Hungary do D  I  99  147 

Italy do D  I  100  149 

Norway do D  I  100  152 

Portugal do D  I  ioo  154 

Russia do D  I  100  151 

•Prussia do D  I  96  133 

Saxe-Weimar do D  I  97  138 

Saxony do D  I  97  135 

Spain do D  I  100  155 

Sweden : do D  I  100  152 

Switzerland do D  I  99  148 

Turkey do D  I  100  156 

WUrtemberg do D  I  97  136 

Forests,  cflfect  of  grazing  in do D  I  29  31 

ofAlgeria do D  I  79  105 

Austria do". D  I  64  79 

Lower do D  I  66  81 

Upper do D  I  69  86 

Austrian  state-railroad do D  I  49  62 

Bohemia do D  I  71  90 

Bukowina do D  I  71  92 

Carinthia do. D  I  74  97 

Camiola do D  I  75  S8 

Egypt do D  I  77  103 

Europe,  administration do D  I  10  3 

France do D  I  53  66 

Galicia do D  I  72  93 

Germany do D  1  60  76 
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Forests  of  Goritz ForMtry D 

Great  Britain ..do D 

Guadeloupe do D 

Guiana do D 

Holland do D 

Hungary do D 

Istria do D 

Italy do D 

Martinique , do •. D 

Netherlands do D 

Xew  Caledonia do D 

Norway da D 

Oceanic  colonies do D 

Portugal do D 

Russia do D 

Salzburg do D 

Sardinia do D 

SaxO'Coburg-Qotha do D 

Schwarzenberg do D 

Senegal do D 

Sicily do D 

Spain do D 

Styria do D 

•                Sweden do D 

Switzerland do D 

Vienna  Joint  Stock  Company do D 

Forged  cranks,  Haswell's Metallurgy E 

locomotive  wheels Machinery A 

Forgings,  architectural Architecture B 

hydranilic Machinery A 

hydraulic Metallurgy E 

Foundations,  cement Architecture B 

of  exhibition  buildings Exhibition  Buildings Aa 

Fonnderies  in  Bohemia,  Moravia,  and  Silesia Metallurgy £ 

Fonudery-work  for  sewing-machines Sewing-Machines B 

Foumeyron-Jonval  wheel,  Thime's Machinery A 

turbines  of  Nagle&Kaemp do A 

Four9ade's  work  and  reward Education K 

Framed  buildings Architecture B 

Frankfort,  school  for  idiots Education K 

Freiberg,  Berg-Acadomie Machinery A 

Copper- Vitriol  Works Metallurgy F 

Metallurgical  Works do F 

roasting  ores  at do » F 

Smelting  Company do F 

smelting  process do F 

roasted  matte do F 

Smelting  Works do F 

sulphuric-acid  manufactory do F 

French  art Patronage  of  Art N 

clocks Instruments 6 

colonies,  photographs  from Photography D 

educational  exhibits Education L 

exhibitions,  origin  of Introduction A 

fairs do A 

forests Forestry D 

products  of do D 

hydraulic  engineering Hydraulic  Engineering D 
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French  leftd-refinlng Metallarjcy ." F  IV  9  84 

manofacturing  districts Machiaery A  III  391  373 

metallurgicsal  exhibito Metallurgy F  IV  9  19 

metalindastry .do F  IV  9  583 

metal-working  tools Maohinery A  III  344  S53 

photographic  exhibits Photography D  II  10  30 

Photographic  Society do D  II  10  21 

phosphates Fertilizers C  II  19  30 

pricesof do C  II  26  31 

reports,  (see  Reports,  French.) 

schools Education K  II  103  57 

for  Idiots ; do K  II  79  35 

sheep,  ancient  breeds ShoepandWool EI  37  47 

breeding  establishments do E  I  36  45 

cross-breeding do EI  34  4i 

distribution  of  breeds do EI  33  41 

local  adaptation  of do .- EI  35  43 

methods  of  husbandry do EI  :)8  49 

mutton  producers • do EI  37  46 

Rambonillet  stock do EI  35  44 

statistics do EI  32  40 

telegraphs Telegraphs I  II  63  49 

telegraphs do J  II  23  31 

administration do I  II  52  •34 

employes do I  II  71  60 

instruments do J  II  33  32 

Hughes' do J  II  25  34 

officers do I  II  69  56 

organization do I  II  53  34 

wood- working  tools Machinery A  III  334  373 

Friedborg  Institution  for  the  Blind  and  Deaf- 

Mutes Doaf-Mutes M  II  8  9 

Friedmann's  injector Machinery A  III  138  150 

Friedmann  on  New  York  Harbor  improvements.  Introduction B  I  437  349 

Frnita,  preserved,  Ott*s  report do B  I  472  377 

Fuels,  mineral,  of  the  United  SUtes do B  I  255  115 

Furnaces,  {see  Blast-furnaces.) 

dimensions  of  Cleveland Machinery A  III  409  390 

practice  at  Scotch do A  III  419  398 

Furniture,  American AVood  Industries C  IV  6  3 

exhibits do ". C  IV  IC  16 

Furring  and  lathing Architecture  B  IV  8  13 

Furstenberg  Prince,  area  of  domain Forestry D  I  93  129 

flora do D  I  93  129 

forest  culture do D  I  94  130 

Flirst  &  Bradley's  plows Introduction B  I  273  130 

Fussell,  on  educational  appliances do B  I  280  143 

G. 

Galiciaflora Forestry D  I  72  93 

forest  products do D  I  26  25 

Stateforests do D  I  72  93 

topograp]!^ do D  I  72  93 

Gallandet,  Dr.,  School  at  Hartford Education K  11  64  28 

Gallaudet,  E.  M.,  Report  on  Goverkmbntal 

Patroxage  OP  Art Patronage  of  Art N  II 

Report  on  Dbaf-Mute  Inbtruction.  . .  Deaf-Mntes M  II 

Galloway  compound  engines Machinery A  III  29  39 
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Galloway  Btcam-boilor,  trial  of Machineiy A  in  111  1**7 

Galvanized  iron  and  rooflng-metal Arckitectare B  IV  14  96 

telegraphic  wire Telegraphs J  II  15  59 

Galvano-plastic  apparatus  for  electrotypes Government  Prinling P  II  6  10 

Gardening,  landscape Architecture B  II  S4  53 

GABRBT80N,  H.,  Keport  of  Chief  Executive 

Commissioner C  I 

Gas,  ammonia  ft*om Fertilizers C  II  41  l-i 

and  steam  engines  compared Machinery A  III  149  l^ 

compared  with  steam  as  a  motor do A  III  147  15i 

engines,   advantages   of  Brayton's   non- 
explosive do A  III  165  1C5 

defects  in  explosive do A  III  l^Rt  lt& 

Lenoir's do A  III  lua  161 

non-explosive do A  III  166  168 

Otto  &  Langen's do A  III  168  ie» 

Kankine's  theory  of do A  III  1*4  ITT 

illnminating,  Stingl's  report Introduction B  I  400  Sb6 

Gavitt  &  Co. 's  exhibits  of  printing Printing  and  Paper O  II  8  6 

Gear-cutter,  Sellers  &  Co Machinery A  III  S16  ^^ 

Do Introduction B  I  58«  201 

Gear-molding  machine,  Scott's Machinery A  III  331  iX 

Genius,  creative,  training  of Education K  II  34  IT 

Genoa,  school  of  forestry Forestry D  I  100  149 

GentUly,  school  for  idiots Education K  II  81  37 

Geography,  instruction  in Introduction B  I  357  2^1 

teaohingof Education K  II  1«  7i 

Geology  of  Swedish  iron-ores Metallurgy £  IT  156  234 

GeorgsMarien-HUtte Company do '. E  IV  94  W 

Gorman  and  United  States,  graphic  arts Introduction B  I  >1^  i2t 

book  illustrations Photography D  II  16  41 

Empire  school  of  forestry Forestry... D  I  96  133 

entries  of  sheep Sheep  and  TVool EI  9  10 

flocks,  sheep do EI  10  11 

lithography Printing  and  Paper O  II  15  l'.» 

locomotive- works,  character  of Machinery A  III  72  l;7 

merinoes,  wool  of SheepaodWuol £  I  10  U 

metallurgical  exhibit Metallurgy E  IV  55  K 

opinion  of  American  tools Machinery A  III  33d  317 

phosphates Fertilizers C  II  90  » 

price '. do C  n  25  £• 

school  for  idiots Education K  11  77  34 

sewing-machines Se wing-Machines B  III  6  S 

superphosphates Fertilizers C  II  31  33 

telegraphic  collection Telegraphs I  II  43  21 

employes do I  II  71  60 

office ! do I  II  58  4< 

telegraphs do I  II  56  46 

watches Instruments G  II  19  2i^ 

Germany,  educational  applwatus Education L  n  90  ^ 

exhibiU do L  II  19  27 

models do L  II  90  *Jl» 

flnewoolof Sheep  and  Wool EI  41  51 

forest  administrations Forestry D  I  eo  7^ 

area do D  I  60  > 

products <^o D  I  fil  77 

metallurgical  exhibits Metallurgy F  IV  30  C*- 

l)eriodicals Education L  II  90  » 


i   Physical  Apparatus ^ 
Chemical  Materials ^    ^       ^^ 
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Germany,  photographic  exhibits Photography D  II  16  41 

sheep,  Spanish  breed Sheep  and  Wool EI  40  53 

soil Forestry D  F  63  78 

trees do D  I  62  78 

Gewerbe-Schnle  at  Vienna Machinerj- ;..  A  III  367  359 

G heel,  school  for  idiots Education K  II  77  34 

Ghent,  school  for  idiots do K  II  77  34 

GiBBS,  W.,  Report  on  Pjiysical  Apparatus  \  Physical  Apparatus. 

AXD  Chemical  Matebl4i^ 

Giersberg  on  the  work  at  Hallott's  Point,  N.  Y.  Introduction B  I  391  277 

Gillet,  Dr.,  school Education K  II  64  28 

Gintl  on  resins Introduction i B  I  401  288 

starch do B  I  400  287 

Girard's  sluice-gates Civil  Engineering C  III  34  40 

turbine,  Gwynne  &  Co.'s Machinery A  III  178  183 

Girders  and  columns,  iron Metallurgy E  IV  64  56 

strains  on Civil  Engineering C  III  G2  82 

Gladbach,  school  fur  idiots ". Education K  II  76    "    .?3 

Glassware,  chemical Chemical  Materials F  II  id  28 

Glciwitz  furnace,  exhibit Metellurgy E  IV  1I4  89 

Globes Introduction B  I  358  223 

Gluten ViennaBread B  II  8  17 

cells,  illustrated do B  II  69  146 

sizeof do B  II  73  154 

changesin do B  II  02  202 

chemical  constitution do B  II  12  31 

percentage  in  flour do B  II  12  30 

Gold Introduction B  I  370  243 

pens,  Nagel  on  the  manufacture do B  I  409  301 

Goldschmidt  on  leather do B  I  406  295 

Goniometers Physical  Apparatus F  II  6  5 

Goritz  exhibit  of  forest  products  ..'. Forestry D  I  26  26 

area do D  I  73  94 

coast-land  forest do I)  I  72  94 

description  of  country do D  I  73  95 

flora do I)  I  74  96 

Governmental  architectural  work Architecture .' B  IV  22  46 

GovEttNMEXTAL  pATBOXAOE  OF  ART,  Report  by 

E.  M.  Gallauuet Patronage  of  art N  II  7  4. 

GOVEBNMRXTAL  PUDTTIXG  IXSTITUTIOXS,  Report 

by  A.  H.  Biiowx Government  Printing. 

Graham,  L.,  exhibit  of  printing Printing  and  Paper... 

Grain,  wheat,  coatings Vienna  Bread B 

effect  of  milling do 

Hungarian do 

nutritive  salts do 

phosphorus  in do 

separation  of do 

Granite,  use  in  United  States Architecture 

Graphic  arts,  "  Picturesque  America  "...•- Introduction S 

Lorck's  report do 

Grate,  Bolzano's Machinery... 

Zeh's do 

Great  BriUin,  (tee  British,  England.) 

fairs  in Introduction. 

forests ,. ..  Forestry 

photographic  exhibits Photography 

woodlands Forestry 
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Greece,  forest  prodacU Forestry D  I  38  W 

metallargical  exhibits Metallurgy F  IV  219  501 

Greenwich  observatory  records iDstraments G  II  9  7 

Grefe  on  lithography  and  chromo-lithography  . .  Introdaction B  I  411  305 

Grenoble  school  of  forestry. Forestry D  I  100  150 

Grinding  wheat Vienna  Bread B  II  IB  45 

finer  products  of do B  II  35  "6 

Grits  in  0  and  A  flour do B  II  73  i:.5 

nature  and  cause  of do B  II  74  13e 

purification  of do B  II  49  110 

nnpurified do B  II  34  T5 

Vienna • *do B  II  31  G7 

Groats,  Pumpernickel do B  II  111  i^"* 

Grosshappen  forests Forestry D  I  68  pj 

Gros  Zdikau  forests do D  I  91  122 

Grounds  of  the  exhibition Exhibition  Buildings Aa  IV  h  1 

Group  jury  Xo.  XIII,  composition  of Machinery A  III  6  s 

sectionsof do A  III  7  10 

Groups,  building,  at  Vienna Architecture A  IV  10  14 

Grove-batteries Telegraphs J  11  16  22 

Gruner  on  mineral  Industry,  iron,  and  steel Introduction B  I  293  14* 

Sellers  &  Co.'s  rotary  puddler  and 

rolls do B  I  291  14? 

Guadeloupe,  forests  of Forestry I)  I  81  10^ 

Guano,  fish FerUlizcrs C  II  47  46 

price  and  composition do C  II  47  4"* 

importation  into  England do C  II  14  1- 

Peruvian,  consumption  of do C  II  44  43 

present  supply do C  II  44  4.1 

qualities do C  II  '45  44 

Guiana,  forests  of Forestry D  I  80  IW 

Guinotte  valve-goar Machinery A  III  63  '^ 

application  to  reversing  en- 
gines  do A  HI  67  7) 

automatic  a4justment do A  III  68  ^• 

construction  of do A  III  65  7; 

design  of do A  III  63  77 

peculiar  applications ....do A  III  6o  «^ 

use  in  hoisting-engines do A  III  6{<  cl 

Gun,  (««e  Fire-arms.) 

Gun-barrels,  Uchatins' theory  of  making do A  HI  326  3U2 

G Wynne's  Girard  turbines ..do A  III  17*  l"^ 

pumps do A  III  803  l»i 

H. 

Haardt  on  iron  and  steel  works Introduction B  I  407  2*t 

Hague  School  for  Idiots Education K  I  77  34 

Hall,  machinery Machinery A  III  3 

Hallett's  Point,  New  York,  submarine  opera- 
tions at,  Kleitz's  report Introduction B  I  345  SW 

Schwedler,    Sternberg,    Giersberg, 

and  Honsselle's  reports do B 

Hairs  dovetailing  machine Machinery A 

sudden-grip  vise do A 

Anderson's  report Introduction B 

Hartig  and  others'  re- 
port   do ^ B 

Hamburg  sewerage H3'draultc  Engineering D 
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Haram  wire-works Metallurgy E  IT     52 

nainmer,  Masaey's  steam Machinery A  III  209  289 

Sellers  &Co.'8 Introdaction B  I  238  81 

Sellers' steam Machinery A.  Ill  294  288 

Hampshire  downs Sheep  and  Wool EI  2G  33 

Haoamann  on  sagar  and  apparatus Introdaction B  I  402  269 

Hand,  education  of  the Education K  II  114  67 

Hannak  on  instruction  in  history Introdaction B  I  454  362 

Harborimprovements.  (tfMHallett'sPointfls'.  Y.) 

HarpeVs,  Oscar,  typographical  exhibit Printing  and  Paper O  •  II  8  6 

Harrison's  chronometer Instruments G  II  7  ^ 

Harrow,  Nishwitz's ^"troduction B  I  273  133 

Hartford  School Education K  II  64  28 

Hartig  and  othera.    {see  Reports,  Gorman.) 
Harvesters,    {tee  Mowing-machines.) 

Johnston  Harvester  Co Introdaction B  I  277  138 

Schmied's  report do B  I  4-29  334 

Schmied's  report do B  I  425  326 

Harvesting  wheat YiennaBread B  II  18  45 

Hascnclever  and  Helbig's  furnaces Metallnrgy F  IV  147  345 

Hassall's  investigations  of  yeost-plant Vienna  Bread B  II  83  178 

Haswoll's  apparatus  for  forging Metallurgy E  IV     176 

cross-heads do E  IV     179 

cylinder-heads do E  IV     132 

forged  crank .' do    E  IV     184 

hydraulic  forging  process do E  IV     175 

journal-boxes do E  IV     180 

locomotive,  hydraulic- forging do E  IV     174 

locomotive  wheels,  solid do E  IV     183 

Hearing,  Qpncord  of Education K  II  52  25 

Heat  apparatus Physical  Apparatus ¥  II  13  17 

effect  on  yeast-cells ViennaBread B  II  79  173 

Heaters,  Berryman's  and  others' Machinery A  III  1.34  149 

Heating  of  flour ViennaBread B  II  39  83 

preventionof do B  II  20  48 

Heinrichshof  at  Vienna Exhibition  Buildings Aa  IV  15  30 

Heinricke's  school  for  deaf-mutes Education K  II  43  19 

Hematite  ores,  Cumberland Machinery A  III  408  386 

Henderson's  theory  of  aero-steam  engines do A  III  151  158 

Herbst  ^  Co/s  Smelting  Works Metallurgy F  IV  143  345 

Hercules,  Her  Britannic  Majesty's  iron-clad Machinerj' A  III  434  411 

Hernandez's  school  for  deaf-mutes Education K  II  49  24 

Herzog  on  arms  and  equipments Introduction B  I  480  387 

Hesse-Darmstadt  school  of  forestry Forestry D  I  97  139 

Hoxylseries Chemical  Materials F  II  15  25 

Hill's  school  for  deaf-mutes Education K  II  43  19 

Hinterbruhl  school  of  forestry Forestry D  I  99  146 

Hinterhuber  &  Kuschel's  furnaces Metallurgy F  IV  173  414 

Hetton,  L.  J.,  Report  on  Working  of  Stone 

AND  Artificial  Stoxes Working  of  Stone D  IV 

Hirsch,  J.  M.,  lithographic  work Printing  and  Paper O  II  8  6 

Hirscb  on  American  gun-factories Introduction B  I  478  385 

hospital  cars,  litters do B  I  479  336 

watchmaking do B  I  477  384 

school  for  deaf-mutes Education K  II  43  19 

HiHtoricil  photographic  collection Photography D  II  21  51 

sketch,  Abb6  L'Ep<je Education K  II  55  27 

telegraphs Telegraphs J  II  30  40 

telegraphical  collection do I  II  43  24 
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Subject.  Rkpokt. 

History,  instraction  in Introdaction B 

of  the  band-saw Maubinory A 

chromo-litbograpby Printing  and  Paper O 

chronometers Instramonts G- 

clocks do G 

Cockerill's  "Works Machinery A 

Conservatoire  des  Arts  et  Metiers do A 

Creusot do A 

locomotive-engines do A 

marine-engine  practice do A 

printing Printingand  Paper O 

progress  in  the  adoption  of  steel....  Machinery A 

sectional  steam-boilers do A 

steam-engine  improvement do A 

fire-engines do A 

stone-dressing  in  England Working  of  Stone D 

Hoes,  Deere  d^Co.'s Introdaction B 

Hofksai's  albums Printingand  Paper O 

Holland,  coUective  teaching Edncation K 

forests Forestry D 

Hollando-Gerraan  schools  for  deaf -routes Education K 

Holmes  and  Pay  ton's  stone-dressing  machine. ..  Working  of  Stone D 

on  American  steam  machinery Introdaction B 

cold-rolled  shafting do B 

Pickering's  engine do B 

steam-pump  and  water-wheels do B 

Holtz  electrical  machines Physical  Apparatus F 

Holzappel,  lead  work  at Metallurgy F 

Homer,  Lee  &  Co.,  letter-engraving Printing  and  Paper O 

Hooke's  improvements  on  horology Instruments G 

Horology,  Dr.  Hooke's  work  in do G 

schools  of do 6 

HouSFORD,  E.  N.,  Report  on  Yikkxa  Bread Tienna  Bread B 

analysis  of  prize-flour do B 

experiments  with  state  bread do B 

Hoi-ton  lathe-chucks Machinery A 

Hospital  cars  and  litters Introduction B 

Georgs-Marien-HUttc  Company Metallurgy E 

railroad  cars Introdaction B 

Hot-blast  stoves,  Whitwell Metallurgy E 

Houses  for  work-people,  Georgs-Marien-Hiitto 

Company do E 

House-zins  of  Vienna Architecture A 

Housselle  and  others  on  harbor  improvements 

atNew  York Introduction B 

Howard  steam-boiler Machinery A 

detailed  description  of do A 

Howe  sewing-machine Sewing-Machines B 

HoYT,  J.  W.,  Report  on  Education Edncation L 

Hughes'  telegraphic  printer Telegraphs... J 

Hull's,  Miss,  school Education L 

Hungarian  climate Vienna  Bread B 

mill-indusitry do B 

mills,  high  milling do B 

productsof do B 

prize  flour do B 

sheep Sheep  and  Wool E 

culture do E 
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Subject.                                                 Report.  Vol.  Page.  Art. 

EangAriaa  wheac ViennaBroad B  II  14  36 

bread do B  II  84  183 

characterof do B  II  16  42 

compared  with  Victoria do B  II  15  40 

Dempwolff'a  inveatigations do B  II  103  229 

hardineasof do B  H  30  64 

varietieaof do B  II  16  43 

Hungarj,  (see  Aastro-Hangary.) 

educational  exhibits Education L  II  17  18 

exhibits  of  forest  products Forestry D  I  33  37 

flora do D  I  77  102 

forests do D  I  76  100 

Btote .' do D  I  77  102 

Lower,  metallurgical  processes .Metallurgy F  IV  179  424 

mint do F  IV  177  420 

silver  extraction  in do F  IV  181  432 

photographic  exhibits Photography ^ D  II  21  52 

school  of  forestry Forestry D  I  99  147 

Upper,  quicksilver  distilUtion Metallurgy F  IV  21 1  473 

Hiipsoher  on  penmanship Introduction B  I  458  363 

Hiitte,  Julius,  lead-smelting  works Metallurgy F  IV  132  313 

zinc-vitriol  works do F  IV  131  310 

Hydrauuc  ExGiNBEKisa,  Report  of  G.  Bavis  . .  Hydraulic  Engineering D  III 

forging Metallurgy E  IV  53  34 

forging Machinery A  III  334  313 

motors,  character  of do A  in  176  179 

Hygrometry Wood  Industries C  IV  8  6 

Hygroscopic  changes,  efifect  on  wood do C  IV  7  4 

I. 

Toe-gorges  on  the  Danube Hydraulic  Engineering D  III  6  7 

Idiots,  American  schools  for Education K  II  86  41 

edncationof : do K  11  75  32 

foreign  schools  for do K  II  75  32 

trainlngof do K  II  90  46 

Illinois,  schools  of do K  II  64  28 

Illuminating-gas,  Stingl's  report Introduction B  I  400  286 

Illustration,  book,  («e0  Engraving.  Photography) 

Germany Photography D  II  16  41 

Ilsenburg,  cast  iron  art  work Metallurgy E  IV  187 

iron,  its  quality do E  IV  189 

molding-sand do : E  IV  188 

temperature  of  fusion do E  IV  190 

Imitation,  a  means  of  learning Education K  II  66  30 

of  Japanese  paper Paper  and  Printing OH  23  31 

trainingof Education K  II  25  13 

Imperial  pavilion  at  Vienna Exhibition Baildiugs Aa  IV  11  20 

Importation  of  instruments Physical  Apparatus F  II  18  29 

Impressions,  nature  of Education K  II  33  16 

received  by  children do K  II  33  16 

Imprimerie  Nationale  Fran^aise Paper  and  Printing O  II  14  .33 

(tee  Printing-office.) 

Indeich  on  agricultural  machinery Introduction B  I  362  228 

forestry do B  I  362  227 

Warder,  Mitchell  &  Co. 's  mower do B  I  362  229 

India,  British,  educational  exhibits Education L  II  17  21 

forestry  exhibits Forestry D  I  39  46 

Indiambber Introduction B  I  375  251 
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Subject.  Report. 

ludia-rubbor  goods  Schnek's  report Introdaction B 

Indian  coni,  natritive  value Vienna  Bread B 

Inductoriums Pliysical  ApjMiratus F 

Industrial  exhibition  at  Lyons Machinery A 

origin  of Introduction A 

palace Exhibition  Buildings Aa 

schools  of  Georgs-Marien-Hiitte  Co. .  Metallurgy £ 

senses,  education  of Education K 

Industries,  influences  affecting  Swiss Machinery' A 

Gernuinfood,  machinery  for do A 

IJnen,  of  Switzerland do A 

Infant  schools Education K 

training  of do K 

Inflexible,  Her  Britannic  Majesty's  iron-clad . . .  Machinery A 

Injectors,  Friedmann's do A 

history  and  philosophy  of do A 

Sellers  &,  Co.'s  — , do A 

Ink-writer,  telegraphic Telegraphs J 

Institute  of  Technology,   Stevens,   Professor 

Thurston's  tests  of  steel  at Machinery A 

IX8TBUCTI0N  OP  Deaf-Mutk«,  Report  by  E.  M. 

Gallaudkt Deaf-Mutes M       n 

Instruction,  {see  Education.) 

in  history,  Hannak's  report Introduction B 

inleamingand  in  art,  Langl's  report do B 

means  of,  Lowenthal's  report do B 

musical,  Weinwurm's  report do B 

natural  history,  Pokorny's  report do B 

physiological Education K 

popular Architecture A 

IXbTBUMEXTa  OP  PBECISION  : 

Report  by  C.  F.  C.\rpexter Instruments G 

Report  by  R.  D.  Cutts do H 

Insulators,  telegraphic Telegraphs I 

Do do J 

manufactures do J 

I'rus.'iian , do J 

tests,  European do J 

Internal  navigation Hydraulic  Engineering D 

International  congresses Introduction A 

International  exhibitions— 

Earlier do A 

1851,  London,  awards do A 

buildings do A 

classiflcatious do A 

exhibitions do A 

inception do A 

jurors do A 

preparations ' do A 

1&33,  Dublin,  buildings do A 

exhibitions do A 

inception do A 

lt!53,  New  York,  buildings do A 

classification do A 

inception do A 

juries do A 

'  "''v  Paris,  arrangement do A 

awards do A 
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Subject.  Rbpobt.  Vol.    Page.  Art. 

Interaational  exhibitions— Con  Unaed. 

1855,  Paris,  buildings Introdaction A        I  43        28 

claasiflcationB do A        I  44        30 

exhibition do A        I  46        31 

inception do A        I  42        S7 

1862,  London,  buildings \ do A        I  48        34 

classification do A       I  49        36 

exhibition do A        I  48        35 

inception do A        I  47        33 

juries do A        I  51        38 

organization do A        I  50        37 

1667,  Paris,  arrangement do A       I  53        41 

awards do A       I  57        45 

buildings do A        I  58        40 

exhibition do A        I  55        43 

finances do A       I  55        4:1 

inception do A       I  51        39 

juries do A        I  57         45 

official  reports  and  records do A       I  56        44 

1873,  Vienna,  administration do A        I         110        58 

admission-tickets do A        I  76        5L 

advisory  committee  of  citizens do A       I         158        61 

arrangement do A       I  64        48 

awards,  distribution do A       I         198        65 

•    distribution  by  groups do A        I         199        67 

to    exhibitors    from 

the  United  States do A        I         SOO        60 

Do do A        I         215        70 

tabular  exhibit do A       I         199        66 

tabalar  exhibit  class!* 

fledbystetee do A       I         216        71 

buildings do A       I  65        49 

calendar,  general do A       I  78        58 

catalogue,     official,     United 

SUtes  section do A       I         190        63 

classification  of  exhibits do A       I  98        57 

commissions  of    the  United 

States do A        I         156        60 

commissions  of   the  United 

States,  regulations do A 

congresses,  international do A 

contributions  from  the  several 

states do A 

diplomas  of  honor l-..do A 

inception do A 

jary,  international;  .  regula- 
tions  do A        I  92        56 

jury,  international;  selection, 

list  of  members do A 

location do A 

machinery;  special  regulations do A 

regulations,  general do A 

transportation-rates,  reduction 

of do B 

Invention,  progress  of  German Machinery A 

Iron  and  its  ores,  Hofmann's  report Introduction B 

Kupelwieser's  report do B 

British  India Metallurgy E 
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SuiUECT.                                                   Bei'ORT.  Vol.  Page:  Art. 

Iron  and  steel  forgings Metallar<;y E  IV  13d  117 

Griiaer's  report lutroduotion B  I  393  147 

Maw  and  Dredge's  report do B  I  Stl  143 

Russian MeUllnrgy E  IV  aC8  149 

wared,  Haardt*8  report Introduction B  I  407  297 

works,  Osuabriick Metallurgy £  IV  92  C3 

corrugated Architocture B  IV  U  27 

cost do B  IV  13  23 

driving-wheels  of  locomotives,  forged Machinery A  III  61  95 

galvanized,  and  rooflng-metal Architecture B  IV  14  :£ 

girders  and  columns Metallurgy £  IV  C4  S6 

inbuildings Architecture A  IV  U  19 

industrie8ofBohomia,Moravia,  and  Silesia.  Metallurgy £  IV  16  16 

linings  for  shafts  of  mines do £  IV  1S7  104 

LowMoor Machinery A  ITI  415  395 

making.  British do A  III  405  3frJ 

Chinese Metallurgy E  IV     K-! 

Prussian do E  IV  56  41 

manufactures  in  Switzerland Machinery A  III  330  3J3 

Sweden Metallurgy E  IV  153  147 

mines,  Spanish do E  IV  807  14* 

ores  and  steel,  Fagersta do E  IV  lii  122 

Indian do £  IV  ITi 

production,  Unitetl  States do K  IV  1« 

ship-building Machinery A  III  421  3A; 

shoes  for  railway  brakes Metallurgy E  IV  60  4? 

vessels,  classification  of Machinery A  III  4526  405 

vi.8teel do A  III  fcl  94 

t«.  wood  in  ship-building : do A  III  4V'l  3^ 

wire  from  Westphalia Metallurgy E  IV  60  i^ 

works, Cockeriirs do E  IV  lU  n» 

wrought Architecture B  IV  13  « 

production  of Introduction B  I  .     366  234 

Iron-clad  Bellerophon Machinery A  III  53  61 

Inflexible do A  III  424  411 

Minotaur do A  III  58  « 

Monarch do A  III  4«6  404 

Irrigation,  utilization  of  sewage  by Fertilizers ,..  C  II  59  (r 

Isochronism  in  chronometers Instruments G  II  7  3 

Istriaflora Foi-estry D  I  74  »■ 

forestry  exhibi to do D  I  «  *' 

forests do D  I  75  94 

Italian  engineering Hydraulic  Engineering D  lit  13  37 

locomotives Machinery A  III  70  f4 

schools Education K  II  101  52 

Italy,  e<lucationalexhibito do L  II  «l  33 

flora Forestry D  se  ?2 

forestry  exhibits do D  I  16  1* 

metal  industry .  MeUUurgy  ....'. F  IV  '     13  .*' 

production  do F  IV  15  J9 

photographic  exhibits Photography D  II  14  J£ 

smelting  process Metallurgy F  IV  14  > 

telegraphic  administration Telegraphs I  II  57  3^ 

employ68 • do I  II  74  *''^ 

officers do I  II  O  -f 

telegraphs do   I  II  65  '1 

Itard's  principles  of  teaching  idiots Education , K  II  75  3^ 
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Subject.                                                Kkport.  Vol.  Page.  Art. 

J. 

Jaccanl's  watehes InstrumenU  . .  .* G  II  16  22 

Jaite's  telegraphic  repeatora Telegraphs 1  II  11  11 

Janke's  school  for  deaf-mute4 Education K  II  43  19 

Japan,artof  printiDgin Paper  and  Printing O  II  21  35 

forestry  exhibits Forestry D        I  40  50 

photographic  exhibits Photography D  II  22  5i 

Japanese  alphabet Paper  and  Printing O  II  S4  36 

colors do    O  II  24  36 

paper .' do O  II  21  23 

Imitations do O  II  23  31 

pavilion Exhibition  Buildings Aa  W  12  24 

pictorial  printing Paper  and  Printing O  II  25  38 

plane-tables Instrnmeuts 11  II  8  11 

Jewell  Brothers*  mills Vienna  Bread B  II  67  140 

Joachimsthaler  forest Forestry D  I  71  »0 

Johnston  Harvester  Company Intiodaction B  I  S77  138 

harvester,  8cbm!ed*s  report do B  I  429  334 

mower  and  reaper,  Tiaseraod's  report do 6  I  309  162 

Jones  &  LaughUu's  cold-rolled  shafting do 6  1  240  86 

Do Machinery A  III  324  206 

Jonval  wheels  of  Rieter&  Co do A  III  179  184 

Joseph  I,  of  Austria,  architectural  impulse Architecture A  IV  20  31 

Jndenberger  Iron  Works' exhibit Metallurgy E  IV  49  31 

Jury  for  education Education L  II  27  43 

Group  XIII,  organization  of Machinery A  III  6  8 

International do A  III  5  5 

on  products  of  milling ViennaBread B  II  33  71 

pavilion Exhibition  Buildings Aa  TV  11  20 

selection  of  group Machinery A  III  7  10 

83^stem,  defects  of do A  III  5  7 

work,  methods do A  III  7  9 

K. 

Kafveltorps  Stock  Co.'s  mines Metallurgy F  IV  23  53 

sulphuric  acid  manufacture do F  IV  24  58 

Xam merer  &  Starke's  plane-tables Instruments G  II  8  13 

Kappeler's  mercurial  barometer do H  II  9  18 

Kerosene  oils,  Soh ware's  report Introduction B  I  463  367 

Kirby's  mowers  and  niapers do B  I  311  163 

Kitchen  of  "  Zins-house  " Architecture A  IV  7  7 

Klar,  Leohner,  and  Richter  on— 

Books Introduction B  I  447  356 

Book-trade,  American do B  I  450  360 

National  Bureau  of  Bdnoation do B  I  448  357 

Kieitz  on  civil  engineering do B  I  345  207 

Knapp's  dovetailing-machine— 

Anderson's  report do.. B  I  246  95 

Exner's  report do B  I  422  318 

Hartig  and  others' reporta do B  I  383  965 

Knirr  on  schools  .* do B  1  440  351 

school  apparatus do B  I  444  353 

plans do B  I  444  352 

Kopp  on  albumen  and  starch do , B  I  469  373 

chemicals do B  I  468  369 

<>il» do B  I  468  371 

petroleum do B  I  468  373 

pharmaceutical  preparations do , B  I  468  370 
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Subject.  Repobt. 

Kopparberj;  Coppor  Works Metallurgy F 

Kraft  St  Sod's  plane-tables Instraments 6 

KraiD,  metal  products Metallur£7 ,....  F 

Krupp's,  Frledrich,  artillery do E 

establishment,  production  of Machinery A 

machinery Metalluncy E 

mines  and  smelting  works Machinery A 

ordnance do A 

steel- works do A 

wheels do A 

worksof Metallurgy £ 

Kui>elwit:ser  on  metallurgical  processes Introduction B 

nickel  and  cobalt do B 

oresofiron do B 

Pittsburgh  steels do B 

Sellers  &.  Co.'s  rotarj*  puddler do 6 

Kuschel  &  Hinterhuber's  furnaces Metallurgy F 

L. 

LAboratories,  requirements  of Chemical  Materials F 

Laibach,  ferro-manganese Metallurgy £ 

Lake  Superiorores do £ 

Lancashire,  England Machinery A 

Lancaster  School  for  Idiots Education K 

Landed  property,  distribution  of Introduction B 

Ijandolt  on  mowiDg-macbines do B 

Landscape  gardening Architecture B 

Lane  &  Bodley  wood-working  machinery Introduction B 

LangI  &  Bayer  on  painting do B 

Langl,  on  instruction  in  learning  and  art do B 

Language,  education  of Education K 

signs  a  means  of do K 

La  Salp£tri^re  School  for  IdloU do E 

JLathes,  B.  D.  Whitney's Introduction B 

gauge Machinery A 

construction  of do A 

Horton's  chucks  for do A 

Pratt  &.  Whitney  Company's  engine do A 

Sellers  &  Co.'s do A 

Do Introduction B 

«pindlesof Machinery A 

weightof do  ...'t A 

Lathing  and  furring Architecture B 

Laner  on  shovels Introduction B 

liautenthal  silver-lead Metallurgy F 

sine  desilrerization  at do F 

process do F 

Xkad.  Mbtallurgt  OF,  Beport  by  H.  Paixteb do F 

Learning,  imitation  a  means  of Education K 

Leather,  Deninger's  report Introduction B 

Goldschmidt's  report do B 

Sajer's  report;  cow,  calf^  and  horse 

hides do B 

leather,  and   caout- 
chouc  do B 

liechner,  Klar,  and  Blchter  on  American  book 

trade do B 

Lechner,  Klar,  and  Rlchtcr  on  American  books do B 


Vol 

Page. 

Art. 

IV 

81 

51 

II 

8 

13 

IV 

176 

414 

IV 

76 

61 

III 

371 

36i 

IV 

74 

60* 

III 

370 

361 

III 

374 

343 

III 

370 

310 

in 

81 

96 

IV 

e9 

59 

I 

396 

880 

I 

396 

K4 

I 

397 

9A 

I 

397 

m 

I 

397 

8S3 

IV 

173 

414 

II 

17 

s: 

IV 

48 

S9 

IV 

13 

III 

413 

394 

II 

es 

40 

I 

390 

174 

I 

467 

3G6 

IV 

84 

55 

I 

421 

317 

I 

430 

3S6 

I 

451 

361 

II 

119 

71 

It 

G6 

30 

n 

81 

37 

I 

484 

383 

III 

849 

SjC 

lU 

818 

831 

III 

337 

314 

ur 

896 

834 

in 

SM 

31« 

I 

894 

7% 

III 

8U 

811 

III 

813 

89 

IV 

8 

13 

I 

436 

348 

rv 

186 

^ 

IV 

118 

«75 

IV 

186 

897 

IV 

■ 

u 

66 

.     30 

I 

m 

830 

I 

406 

8» 

I 

335 

190 

I 

334 

ld9 

I 

430 

Stt 

I 

447 

xn 

GENERAL   INDEX.  37 

Subject.                                                 Rkfort.  Vol.    Page.  Art 

Lecbner,    Klar,   and    Richter    on   American 

National  Bareaa  of  Education  .  .*. Introdaction B  I  448  357 

Le  Crenaot,  Schneider  &  Co.'b  works  at Machinery A  III  394  37S 

Lehman's  hot  air  engine do A  III  162  160 

Leicester  sheep,  description Sheep  and  Wool EI  19  33 

improvement  of do EI  19  21 

in  the  United  States do £  I  20  23 

Leignitz  School Education K  II  43  20 

Lenoir's  gas-engine Machinery A  III  162  161 

Tresca's  trial  of do A  III  163  163 

Leopoldsdorf,  trial  of  agricultural  machinery  . .  Introduction B  I  306  160 

L'Ep6e,  life  and  work Education K  II  55  27 

Lessing  school  of  forestry Forestry I D  I    •     100  151 

Lessons,  object,  in  the  kindergarten Education K  II  15  7 

from  experience do K  II  3  1 

Letter-press  printing  at  Vienna Printing  and  Paper O  II  5  51 

Levassenr's  report,  {see  Beports,  French.) 

Lewis,  Hugh,  &  Co.'s,  lithographic  exhibits do OH  8  6 

Libraries  of  Georgs-Marien-HUtte  Company  . . .  Metallurgy £  IV  102  70 

Liebig's,  Baron ,  views  of  fermentation Vienna  Bread B  II  63  181 

nutritive  salts  in  food do B  II  110  235 

Lincolns SheepandWool EI  21  26 

Linen  industries  of  Switzerland Machinery A  III  349  330 

ready-made  clothing Introduction.. B  I  404  294 

Lines,  R.  B.,    Beport  on  Telegraphs    and 

Telboraphic  ADXiNisTBATiON Telegraphs I  II 

Link-motion  blocks,  Haswell's Metallurgy E  IV     181 

Lippstadt  Wire  Works do E  IV  63  54 

Liquors,  (tee  Wines.) 

Lisbon  school  of  forestry Forestry D  I  100  154 

Lithographic  exhibits,  Hugh  Lewis  &  Co Printing  and  Paper O  II  8  6 

Domestic    Lithographic 

and  Printing  Company do OH  8  6 

Joseph  M.  Hirsoh do 0  II  8  6 

materials  and  methods,  German do O  II  15  19 

« 

press  of  KAder do O  II  16  21 

printing  and  presses do OH  15  20 

Lithography   and  cbromo-lithography,  Grefe's 

reporton Intrmluotion B  I  411  305 

and  typography,  Lorck's  report do B  I  3^7  254 

Staatsdruckerei,  Vienna Government  Printing P  II  6  8 

Litters  and  hospital  cars,  Hirsch's  report lu  troduction B  I  4*29  386 

Little  &  Edison's  system  of  telegraphy Telegraphs I  II  13  13 

Live-stock  raising  in  the  United  States Introduction B  I  326  182 

Locating  public  buildings Architecture B  IV  23  51 

Lock,  canal,  at  Aubois Civil  Engineering C  HI  ('4  87 

Port  &  r Anglais do C  III  37  4fi 

Locomotive  engines Metallurgy E  IV  137  115 

Locomotives,  American Machinery A  HI  60  69 

Austrian,  Works do A  HI  71  86 

Belgian  road,  with  rubber  tires do A  HI  83  100 

British  tank do A  HI  61  70 

Carel's do ^ A  HI  70  83 

CUparede's do A"  IH  62  72 

Compagniede  Fives-Lille do A  HI  62  73 

double  bogie Introduction B  I  260  118 

German Machinery A  HI  360  353 


bail  ding,  Visiin* ArchitMtnre A  IV 

Cunra do B  IV 

UArleDbninn^  Bchodl  of  fomtrj  At .-.^.-.  Fomatry D  I 

Uxrlne  aUam-sngliiea  and  macliliisry UelaUurgy , B  IV 


Marqnetry 
UarabiU  Se 

HurUnlqae, 

Uartln  *ttw 

UuoD  &Hi 

Uuiey'a  ab 
MaaKtn   on 

Mutlo  .... 


maclitDe,  Bnnrn  A  Slurpe  UaDofactui- 

ing  Co.'s Machlaerj . . , 

Pratt  iWliitnoj  Company'* do 

older  metlioda  of Vleona  Bread 

of  "Kfe"  wneat do 

products  of do 

Mills,  HDngaTliiu,  STerage  product do 

iDdDslry do 

MlIlllODM do 

grooTes,  ammgement  of do 

dltDendona do 


oaeof do 

Tbilenlm do 

d  affected  by  colon  of  tbo  cradle Edncatlon 

era!  fuel  of  (lie  nulled    SUl«s,  Hair  & 

Dredge's  report IntTodoctlon... 

products,  Groner'a  report  on do 

es,  Fetllgrew's  report  on do 

log  Bad  steel  works,  Bothtnii Metallargy  ... 
methodBBud  oast,  Aokennui's  report do 

of  Iron  orea  in  Bohemia,  Uoiavia,  and 


property  and  iron  works  at  Seratng... 


Molded  brick,  TienEese 

Uoldlng, sewlDg- machine  work.. _._..,....,,.. 

Mouarob,  Ear  Britannic  Majesty's  ironclad.,.,  MacMnerj A      III       *M      *» 

constnicllonofthebiilloftlie do A     'm       <M      W 

engines  and  boileta  of  the do A      HI       «»      *« 

performance  of  the do A      lit       4M      •» 

turrets  and  armaments  of  the do A      IH        **      ^ 

Monckoren,  treatise  on  photography.. . 

Money,  value  of 

Uooopoly  of  Blste  telegraphy Telegraphs 

MoDtandon's  watches iDstntmenla... 

Moonlight  photographs  ,.,.,,,.,,,,,..,, Photography.., 

Hoorhof  on  hospital  railroad-care -,,....,.,,..,.  IntrcducUoa.,. 
Horse's  telegraphic  alpbabot Telegraphy 


register do I 

setwlBt-drlU Intradnctlon B 

»e  Twiat-Drill  Company Machinery A 

MT.millal  Dnnkerqae  and  Gravelioes CItU  EnglneeHng C 


H*iaU 
KettaR 


Nenbo; 

Kent  J 
HairC 


Scbmied'B  report do 

Tl»»o  rand'*  report do 

OHClllaliDg-eDgiaaa  of  PeiinA  Sons' Machinery 

OsnaWiick  Iron  and  Sleel  Worki Ifelitllnrgy 

Due  Iron  rladuet Civil  Engiaeerlog... 

Ott  on  MDDod  bear. lutrodnolioii 

eondeiued  milk do 


Otto  &  Laogea'BKis-eiielDo Uuhinery A 

lrla1ot,byM.TrBWft do A 

OTerlillBtBniWelsliBa Civil  Engiuemlng V 

0»(ord  downs Sbeep  »nd  Wool E 

P. 

PiclBoliluiili,phoapbat«ar Fertiliieis C 

Paddte-wbect  and  ebHlD  towage Uacbinery A 

Faiiiteb.  H,,  Report  on  Metalluhut  of  Lrii>, 

SiLVEH,  Copput.  ASU  Zi:(c UeWllargy F 

Painting,  Bayer  and  Langl'a  nport iDtroducliDli B 

Falala,flrBt^laasdweUlng Aroliiteetnre A 

Paper  and  wool  n»nabotun«  iDQenoany Maoblnery A 

burebi Prlnling  and  Psper O 

Chinoae  and  Japaaoae... ...........do O 


mnehiuery  Id  Uemian; Uufaiaery A  111  lil  K 

UoXiooi's Printing  and  Paper O  II  W  U 

maunrnctnra do O  II  V  ^ 

Do Introduction B  I  3n  iii 

pulp,  prioea  and  qnalitlea PrinllDg  and  Paper O  II  W  K 

Parey,  Paleutad  Fulled  Fabric  Cotnpaay do O  II  SJ  Jl 

Paria,  edncatlDD  at EdncaUoD I.  II  SO  » 

iDtemational   EibiblUon,   (hi    Interna- 
lloDil  Bihlbltlon.) 

wbeat-bread Vienna  Bread B  U  sa  IW 

Park  Sn>.  ft  Co.'i  out  steel Uotailargy B  IV    ><■> 

Parqaotry Amliilectnre B  17  IS  U 

Do Wood  Induatrioi C  IV  13  U 

PartiUoasInbulidlogs Arohltectare B  IV  19  V 

Paatenr  on  formentatlon Vleuoa  Bread B  II  H  IS 

Paalry Introduction .'  B  I  3:1  W 

lesTeDed  and  nDleaTened Vienna  Bre»d B  It  »  lO 

P»t«li.  Philippe  i  Co. 's  w»t«hee Inatmnients G  II  H  T 

PiTIOKiOEOi'AiiT.RepottbyE.M.G.iLi.AiinET.  Patbosaci or AkT P  II 

PaoekMhiFninnd'atMani-boller Machinery A  III  UJ  IP 

Paalon  tbeStainwny  plua-fortea : 

dgrlcra,  apeoial Introdaolion B  I  Tt  iff 

■ytlemof  constmction do B  1  KS  n 

(one,  quality do B  I  SM  m 

upright  piano do B  I  KC  tT< 
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Subject. 
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VoL  Pase.   Ait. 


Paor's,  Ignaz,  apparatus Y ien na  Bread B 

method  of  milling do B 

pnrifier do B 

Pavilion,  Imperial Exliibition  Buildin^^s Aa 

Japanese do Aa 

Saxe-Cobarg-Gotha do Aa 

school-house  annex do Aa 

Schwarzenburg do Aa 

Peekakill  Plow-Works Introduction B 

Pees  on  cotton  and  cotton-goods do B 

spinning  and  weaving do B 

Penmanship,  Hup«cher*8  report do B 

Penn  &.  Sons'  steam-engines Machinery A 

Pennsylvania  and  Alabama  orc'S Metallurgy- £ 

coals Introduction B 

Pdhs,  gold,  Nagel's  report do B 

Periere's  principles  of  teaching  idiots Education JC 

K 

K 

K 

K 

K 


Periere,  action  of  hih  enem ies do 

bis  claims do 

classification do 

death '. do 

disoovery  defined do 

Perin  &,  Co.'s  band-saw Machinery A 

Periodicals,  German Education L 

Perkmann  and  others,  {tt  Schwab.) 

Persia,  forests  of Forestry 

Pemc  forests ..  ^ do 

Peruvian  guano FiTtilizers 

Pesth,  grits-purifier,  at Vienna  Bread 

Walzmiihle do 

analysis  of  flour do 

Petroleum,  Kopp's  report Introduction 

Pettigrewon  mines do 


D 
D 
C 
B 
B 
B 
B 
B 


Pharmaceutical  preparations,  Kopp's  report do B 

Phosphates  and  sulphates ViennaBread 

in  vital  tissues do 

analysis  of Fertilizers 

Canadian do 

French do 

price do 

German do 

price do 

Pasiflo  islands do 

Sombrero do 

South  Carolina do 

Spanish do    

price do 

St.  Mairtin's do 

Pnissimn do 

prices  of do 

United  States do 

English  super do 

German  super do 

Phosphatic  bread do 

Phosphoric  acid  and  nitrogen,  mutual  dependen- 
cies   ViennaBread < 

in  bread do 

price Fertilizers 


B 
B 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

c 

c 

c 

c 

c 

B 

,  B 
.  B 
.     C 
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II 

II 
IV 
IV 
IV 
IV 
IV 

I 
I 
I 
I 
III 

IV 

I 
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II 

II 

II 

II 

II 

II 
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II 

I 
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IV 

II 
II 
II 
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II 

II 

IV 
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IV 
IV 
IV 
IV 
IV 
IV 
IV 

IV 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
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II 
II 

IV 
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11 

12 

12 

12 

12 
272 
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458 
450 

314 
409 

75 

55 
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49 

55 
'52 
264 

20 

38 

91 

44 

50 
103 
105 
463 
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4Gd 

12 
111 

24 

20 

19 

86 

20 

25 

19 

18 

20 

20 

26 

19 

22 

24 

•26 
34 
21 

109 

15 
93 
35 


G9 

68 
HI 

SO 

24 

22 

23 

21 
129 
292 
293 
363 
420 
162 
166 
3C1 

32 

26 

24 

24 

26 

25 
274 

30 

41 

121 

42 
112 
229 
232 
372 
149 
370 

29 
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27 

23 

30 

31 

22 

29 

19 

16 

24 

21 

30 

18 

25 

28 
32 
34 
33 

933 

39 
206 
35 
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rhoaphoTDt Fertlllrar* 

Fhoto-engraTiog,  RonBMlDD'i  ptuceu Fhatognipb;  .. 

Photographs  [n  colon do 


nlight .. 


Pbolognpbj,  Amerlcau do , 

smidi latrodoGtion... 

DaTaanc'n  report,  utraaoDilcal do 

TYeacb  Bocietj ._....___...._.  photography  ._ 

Monckhoren'fl  tr(»ljft« ,do _. 


Port 


ipiM. 


SSrvey'i  report Introdaotion B 

SoclBty  of  Bologim Photogniphr D 

Phota-lkhogiapbo do D 

PhaH>-Iilbagrmphf.  progreuln Printing  and  Paper O 

Photometer,  Tidal'* Pholograpbr D 

Pbyeical  apparalns Phydcal  Apparatuo F 

Pbyalutogickl  edaciUoa Bdooatlon K 

primary  school do K 

training  of  genias do K 

Piano,  Slelo««j*8,  («*  Paul'a  iBport.) 

Pickering's  alesmeuglne Uachinery X 

Bulmes' report Introdaotion B 

Uav  £  Dredge's  report -do ---,- B 

Eadinger's  report do B 

Ptckermotlon,  Ross' Matbinery A 

plcloriat  printing  in  Japan Printing  and  Paper Q 

'PlotureiquoAniBrioa."  graphic  arte,  Maason'a 

report Introdnction B 

Pile VisoDS  Bread B 

rile-dri  TOT.  steam Hydranllo  EDgineeriug D 

Pipe-bendlDg  DjacLine,  Miller's Machinery A 

Do Introduction B 

Pitklns  Brothers' steam-boiler Machinery A 

riltibnrgh  steels lutrodoction B 

rlaneri.Pralti  Whitney  Company's Machinery A 

Plane-tables lostromonta H 

Anstrlan do H 


Kraft  *  Sons' . 
Stark e  &  Kami 
StupeaaDrfTs. . 


!Tiea  .. 


PUns.architectaTal.. 

Pluteriug 

ceilings 

Plate,  Fagerala.  tests  o 
Playthings.  ol()ecHeaii 
Plows,  Collins  &Co.'s. 


.  Mscbinelj- 

..  Arcbllectnre 

.  Fortiliiers 

.  Exhibition  Buildings.. 


Poekskill  Plow  Wo 

Schmieds  report. . 

imatic-pier  sinking  .- 


jr  dispatches Telegra' 


IW      IS 


.  A    III     an    (11 
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«»oliiriiodreUyaofSlemBrn Telegr»iJha 

I'olistalDjc  muhliie,  lltliognpliic PrintlDE  (nd  Tai 

Folitlco-emnomlo  retations Introdoctloii .... 

Polyleclmic  (Cliool  atDrmdeai Machinery 

I'orcelain  cjllnder-mlll Vionna  Bread  .. 

decoTBtloD  of Pbolognpli}- 

stotea,  G«rinui Arcbilectare 

Port  H'ADKlals  Cuwl  look fiydniuKc  Eugiit 

Portable  Bteaiu-eugiDes,  tniile  In Macbinerj' 

sonrceioftlieirecenoni]- do 

Port«r-Allea  onglns do 

PorUnnd cement Workingof  Stoni 

■lOD* do 

TortuRHl  foreatpnidniit Foreetr; 

t«1egiapblc  idmlnlstntlDD Teleenpbe 

Fo'rtusueae  edacadonal  eihibiW Education 

photoj^pbe Pholofraphy  .... 


from  wcxtd.ubea -. da 

BallB  at  Leopoldaball Chcnlol  IndiuCr 

Stapfurt do 

St»»fttrt FerUHwD 

production Cberalral  Indiuu 

FotuBiam  In  pUoU FerUUiere 

Power-Iooma,  »e*Tbif  by Machinery 

Poirja.  James,  J£  Co.'s  eiblblu do 

PrasaeflDar  mills Tienn*  Bread  ... 

Bcbool  or  roreslTf ForesUy 

Prang'a  chromes Printing  and  Papi 

Pratt  4  "Wbllney  Company's  tool* Machinery 

Do Introduction 

PrectlucHtlon  Education 

Preface,  Bcncral .. 

PreeerTcd  food,  (* 
ProserTea,  Warhai 


.  Uetoltarey  ... 

do 

.  lutroducllun ,. 


Prinmrj  sclioola,  jilijilulo 
Primo-mOTOrs  in  German; 
PrimiDKiQ  stoam-b  ollcn. 
Priming  and  dyeSng  in  S 


Printer,  Hughes' Telegraphs J  II  21  25 

Pi  Id  ting-Office,  French  National Government  Printing P  11  11  24 

State.Tienna do P  II  5  4 

of  notes  and  bonds do P  II  6  7 

photography do P  II  7*    11 

presses do P  II  9  19 

Sarch's  report Introduction B  I  377  254 

and  dyeing,  Stieger-Mayer's  report do B  I  473  3S 

Prizes,  (see  Awards.) 

to  American  educational  exhibits Education L  II  24  41 

Production  in  America,  increase Introduction B  I  323  176 

tabular  exhibit  of do B  I  325  179 

of  coal,  Enssian Metallurgy £  IV  217  151 

iron  and  steel,  Austrian do E  IV  8  T 

in  the. Alpine  region do E  XV  8  ^ 

world do E  IV  12 

iron-ore  in  Sweden do E  IV  16S  135 

metals do F  IV  163  3TS 

pig-iron  in  the  Alpine  region do £  IV  10  9 

Bohemia,    Moravia, 

andSilesia do E  IV  13  H 

steel  works,  Belgian do E  IV  139  113 

Profillng-machine  by  the   Pratt   &  Whitney 

Company Machinery A  Hr  221  229 

for  sewing-machines Sewing-Machines B  III  29  ' 

Progress  in  America,  causes  of Introduction B  I  328  I^ 

Propulsion  of  vessels,  principles  of  economy  in .  Machinery A  III  53  5^ 

Propyl  series Chemical  Materials F  II  15  33 

Prunier's  pumping-machinery Machinery A  III  191  9W 

Prussia,  schools  of  forestry Forestry D  I  96  133 

Prussian  iron -making  and  ore-extraction Metallurgy E  IV  56  41 

insulators Telegraphs J  II  21  S^ 

schools Education K  II  109  ^'> 

Silesia,  wool-growing  in Sheep  and  Wool EI  42  5o 

Public  buildings,  locating Architecture B  IV  33  ^l 

Pnddler,  Eh ren worth's Metallurgy E  IV  50  33 

Sellers  &  Co.'s  rotary,  Anderson's  re- 
port  Introduction B  I  240  ^'^ 

Gruner's  report do B  I  294  1<^ 

Ivupelwieser's 

report do --    B  I  397  S3 

Pnddling-furnace,  Sellers' rotary Machinery A  III  S93  ^* 

process.  Acker  mans  report Metallurgy E  IV  175  H- 

works  in  the  Alpine  regions do E  IV  11  W 

Pulp,paper Printing  and  Paper O  II  20  * 

Pumpernickel  of  Westphalia ViennaBread B  II  88  132 

groats do B  H  110  836 

Pumping-machinery,  Decker  Brothers' Machinery A  III  189  IJ'^ 

Prunier's do A  in  191  «0 

Pumps,  applications  of  the  centrifugal do A  III  199  <11 

and  classification  of do A  HI  185  1?4 

Pumps  and  blowing  apparatus do A  III  359  351 

Bemays* do A  III  197  905 

Boulton  &  Tmrays' do A  III  199  «« 

Cameron's  steam do A  in  ISC  l-< 

centrifugal,  their  proper  form do A  UI  193  9K 

Coignard's do A  in  198  ** 

Earle'ssteam do A  in  189  isi« 
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Sl'bject.  Report. 

Pumps,  Erste-Siiinner-  Maschinen  •  Fabrik*Ge- 

sellschaft's Machinery 

Gwynne's do 

Nagel  &Kaemp'8 do 

Neat  &  Dnmont's do 

Schiele's do 

Seidell's  steam do 

steam,  later  forms  of do 

Holmes'  report Introdaclion 

Zwianer'  s  report do 

PiiDch,  Stiles  &,  Parker's Machinery 

Pnritication  of  wheat Vienna  Bread 

Purifier  at  Pcsth do 


Q. 

Quarrying  stone Working  of  Stone 

Qaicksilver,  distillation Metallurgy 

B, 

Hader's  lithographic  press Printing  and  Paper 

Radinger's  report,  (see  Reports,  Austrian.) 

Railroad  construction Exhibition  Buildings  ... . 

exhibits do 

plant,  German Machinery 

Railroad-signals,  Austrian Exhibition  Buildings 

Railroad  Structures  and  Buildings  of  the 

Exhibition.    Report  of  L.  Bridges do 

subsidies do 

switches,  Saxby  &  Farmer's do 

ties,  continuous do 

Railway  and  telegraph  administration,  relation 

between Telegraphs 

station Architecture 

Do do 

terminus  at  Paris Civil  Engineering 

Rambert  on  school-desks Introduction 

Rambouillet  stock  of  France Sheep  and  Wool 

Ramie Introduction 

Rankine's  theory  of  the  gas-engine Machinery 

Ransome  &  Co. 's  exhibits do 

Ransome's  artificial  stone Working  of  Stone 

chemistry  of  manufac- 
ture   do 

durability do 

history  of  invention  of do 

process  of  manufac- 
ture   do 

Ransome,  Sims  &  Ilcad's  straw-burner Machinery 

Rates  for  telegraphin g Telegraphs 

Reapers,  (see  Mowers.) 

Red  cement  for  curved  brick-work Architecture 

Register,  Morse's  telegraphic Telegraphs 

Regulations  for  buildings Architecture 

general,  atTienna Introduction 

for  United  States  commissioners  to 

Vienna do 

Relay,  Siemens' Telegraphs 

polarized do 


fire-an 


Remlnf  ton  MwiDg^maclilue. . 

Bayer  uid  Laogl  on  paint 

Benediht  on  nTtlScia]  teet 

deuta]  appar 

Berg  on  book-binding 

BHockman  on  split- wood 


SevlDg-MacbinDS 

ng Intra"!  uotion 


m  wood-working  macbiuea ; 
Kuapp's  dovetailing  macbj 

Laoe  &  Bodley 

C.B.  Eog«re  It.  Co.'g 


B,  D.  WTiltnej'*  Ulbe 

Woodbury's  bcDBb'macblDe 

Flatticb  on  boaeo-cerpentry 

FriadmaauOD  ^0  IF  York  bsrbor  improve. 


Gintlonremns 

stareh 

Goldacbmidt  on  leatber 

Grefe  on  litbography  and  cl 


EHpacheton  pennii 
Kopelff  iesei  on  Iroi 


metal)  aiglcal  proueeaM do  -. 

nickel  and  cobalt do  .. 

Sellera  &.  Co.'s  rotary  pad- 
dler io  .. 


Fittsbargh  steeb do  .. 

Laaer,  Zlnner,  andBrunii«ronahovels do.. 

Lechncr,  Slar,  and  Rlchleron  tbeAmerlcan 

book.trado do  ■- 

books... do  -■ 

National  Bureau  of  Education do  .. 

Lott  on  book-binding do  . . 

LoireotliHl  CD  meaneof  Inetrvctlon do  -. 

MlgotU  on  lineu  roady-mftda  ololbiDg do  .. 

Moorliofon  boapilal  nilroad-cara do  .. 

Nagelon  tbe  raanoAictaie  of  steel  pens do  -. 

ing  apparalua do.. 


aafctj-Ti 


mgooda. 


a1  blnti 


motor  and  belts d> 

KoririUk  Iron- Work  a  on; 

Pickering-B  Engine 

Sifely  Steam  I'ower  Co 


do.- 


do.. 


AmericflUBiwctal  tooli.  poculiariui 
Armstrong'B  doTeUiliug-inacliiue 

B.  D.  Whitnej's  woodworktne  l« 

lilEeloir'B  boot  and  ahoo  machinery di 

ItroffD  ii  Sbatpii  UaDurMClaring  Cam. 


do.. 


C.  B,  l^ogpra  Si.  Co.'Ji  woad-wDrkiiiK  t 
DarliDg, Bro«D  Si.  Sbarpe's  loole... 

BaJr8"Buiiden-Grip"v[80 

LhurLIid's  co1d-ro11»d  shaf 


Joi 


■■a  dovelailinj 


AlatthcwB'  *oda.n~ater  appnratiiB 
Miller's  pIpc-lieDdiDsmacbiDB... 

Moras  twietKiri  Us 

Fralt  Si  Wbitnej  CoiDpany'B  toul 
Stllcriil:  Ca.'Bdrill-BliBrpcDcr... 


latl 


rotary  iiudrtler 

■Press  Company's  tools. 


AmericaD  drills  -  - . 

Caprou  vatcr.irlwi 
Collins  ii  Co-'s  i>1o' 
Dccrt  Si  Co.'s  kDos. 
O.  it.  Osbonic's  mo 
Funt  4:  Bradley's 


D  lEar 


ania  coats do  . 


lEcbcrhng's  mower  ud  reaper. . 

tclmloal  scliDoIs 

Joilerb ill's  angular  belt 

VaritT.  Mltcbell  *;  Co.'s  mov 
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Reports,  Britisli— Continued. 
Maw  &  Dredge  on— 

Wood's  mowers  and  reapers Introduction 

workmanship do 

Fnssell  on  educational  appliances do 

Holmes  on — 

American  steam -macblnery do 

cold-rolled  shafting do 

Pickering's  engine do 

steam-pnmps  and  water-wheels do 

BuBsell  on  small-arms  from  the  United  States do 

Vizetelly  on  wines do 

Reports,  French : 

Daxnplimot  ou  the — 

silk  indnstry  ;  silk-worm  culture do 

eilk  production  and  consumption do 

Bavanne  on- 
astronomical  photography do 

photography ;  awards do 

Delliaye  on  cotton  manufactures do 

Gruner  on — 

mineral  industry  ;  iron  j^nd  steel do 

Sellers  &  Co.'s  rotary  pnddler  and  rolls do 

Kleitz  on — 

civil  engineering ;  Sutro  tunnel do 

Fink  bridge,  at  Louisville do 

New  York  harbor  improvements do 

Levasseur  on— 

attendance  at  schools do 

colleges  for  young  women do 

education do 

in  the  South do 

secondary do 

educational  exhibits do 

globes do 

instruction  in  geography do 

primary do 

expenses  of do 

rural  charts do 

school  edifices do 

teach  ers '  salaries do 

teaching  as  a  profession do 

methods  of do 

text-books ....do 

United  S  tates  Bureau  of  Education do 

Masson  on  the  graphic  arts ;   "  Picturesque 

America" do 

Mertian  on — 

the  art  of  war do 

Colt  armory  work do 

fire-arms do 

Military  saddles do 

Sharpe's  rifles do 

Smith  &  Wesson's  fire-arms do 

Springfield  rifles  and  muskets do 

Onimus  ou  dental  manufacture do 

Pettigrew  on  mineral  industry;  iron  and 

steel do 

Sayer  on — 

leather  and  caoutchouc do • 


Reports,  Frcpch— Con 


culture  to  tbe  United 


I,  Plait  £  Co. 'a 


cultaral development, blstorj  of do  ... 

Implements do  .. 

prodocta do  .. 

caharelndierolted  State) do.. 

tman,  Miller  &  Co-'a  mower  and 


awarda,  distrlbn  tlon  of 

beel.root  angar  onltlvatlon 

Califomta  eihiUU 

cereaU  i  Kortbem  Pacific  Ballroad  Co.; 

Orefion 

colonial  agrlonllaral  policy 


Jolmeton' a  mover  and  reaper 

landed  ptopert}-,  distribnlieu  ol 

Leopoldadorf  trial  of  moirera  and  reapen . . , 
llve.atock  in  the  United  Slatea 


Oibome,  D.  M..  i 


tabular  exhibit,  1870 

ingesof 

lata  IndlcBllug 

iriB,18iiT;  Yiennml373... 


SiebertloR'a  m< 

Spiague'e  mower '... 

staple  prodncla  of  llie  United  S 
Soperior  Mnchine  Company's  m 


idStalea do.. 


Warder,  Mitchell  6. 
rtapti 

wines,  American... 


meul  irorlilDE  macbl 
Scllenft  Co. 'e  tools  . 

aewlDi-machlncB 

wood-working  tools  . 
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Beports,  German— Continued. 
Hartig  and  others  on — 

the  Avery  wool  spinner Introdaction 

B.  D.  Whitney's  tools do /. 

Brown  &  Sharpe  Manofacturing  Com- 
pany's bolt  and  nut  mach  ines do 

screw-machines do 

tools do 

Hall's  "Sudden -Grip  "vise do 

Knapp's  dovetaiiiug-machino do 

Sellers  &  Co.'s  gear-outter do 

tools do 

sewing-machines do 

Grover  &  Baker do 

"Wheeler  &  Wilson do 

Wilcox&  Gibbs do 

Warth's  cloth-cntter do 

West's  tire-setter do 

Woodbury's  brush-making  machine do 

Hoffman  on — 

aluminum do 

coal do 

copper do 

chemical  industry do 

cryolite do 

diamonds do 

emery  and  corundum do 

gol4 do 

Iron  and  iron  ores do 

wrought,  production  of do 

magnesium do 

lamps,  Thurston's,  Larkin's .......  do 

nickel ;. do 

silver do 

production do 

zinc  and  cadmium do 

Indeich  on — 

agricxiltural  implements do 

forestry do 

Warder,  Mitchell  &Co'8.  mower do 

Lorck  on- 
etching  by  Tilghman's  sand-blast do 

graphical  arts do 

United  States  and  Germany do 

typography  and  lithography do 

Paul  on — 

Stein  way  pianofortes ;  devices,  special do 

system  of  con- 
struction   do 

tone,  quality  of do 

upright-piano do 

Schwedler,  Sternberg, Giersberg,  and  Hous- 
»ello  on  the  work  at  Hallett's  Point,  New 

York ao , 

Serlo  and  Stolzel  on— 

nickel  and  cobalt do 

Sellers  &  Co.'s  tools do 

Thiel  on 

articles  of  food do 


Ki'pnrts,  German— Continued. 


" 

AmorloHD 
bOBpltnl ;  1 
wfttchmnk 
ppon- 
albnmcu  ■ 
cbrmicalH 

■un-f 
ilaU 

K 

petrolenra 

rcisronlefl 
canneil  bee 

and  ft 

ical 
ber 

'      lloiw 

Ot 

nitlk 

™t 

St" 

ctlon-ipiD 
prinlinKBB 

DOl-d 

ninjc 

•"" 

* 

Tp 

In  Germany  and  Ibo  United  do B 

SUtea, 

cpcirtsanilreeordaofPariaEiblbUioiKif  Iftir do A 

cporls  of  the  Uutted  SUtm  Commlasionera : 

Illake.W.P.    MelallargTofIron«nd  Steel.  Motallur.T E 

UriOKoa,  L.    Baildinf;*  of  tbe  Eihlbition 

and  Rail roAd  Structureg E:ihiliillnn  Bnildlnza Aa 

IIraoka,I>,    Xelcgnipbi' and  A pparatna Telc^papba J 

Unniu.  A,  H.      GovemmeDtal    Trinting 


Inxtitntioi 


Collier,  P.   Coramereial  Fei 
Ciitta,It.  D.    lustrum  en  ts  I 
Dnvia,  C-    Qydraalio  EoKlneer 
Derby,  K.L.    Architectaro  ai 

of  ConatmctioD 

Unlee.J.R.  Sboep  uui  Wool 
Iloremue,  C.A.  Fbatograpbf 
Fairfleld.G.A.  8c<rlng-Uaobi 
Callaudet.RU.  Patronage  ai 
Dear-Mil  to  Ii 
Garrvtaon,  H.,  Cbief  Eiecuti 


of  Prci 


If  Prei 


.  GoTernment  Priming T 

.  Inairiimente G 

.  Fertiliiora C 

.  Inilrumenla H 

.  Ilfdrautic  EnEiDeerlug C 
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Kcporta  of  tlio  United  States  Commissioners : 
Gibbs,  W.  Physical  Apparatus  and  Chem- 
ical Materials  Physical  Apparatofl... 

ninton,  L.  J.    "Working  of  Stone Working  of  Stone 

Horsford,  E.  N.    Vienna  Bread Vienna  Bread 

Hoyt,  J.W.    Education Education 

Linea,ItB.    Telegraphs Telegraphs 

Lowe,  N.  M.    Wood  Industries Wood  Industries 

Nioms^e,  J.   K.      Private   Dwellings    in 

Vienna Architecture 

Painter,  H.     Metallurgy  of  Lead,  Silver, 

Copper,  and  Zinc Metallurgy 

!Ruppaner,  Dr.  A.    Medicine  and  Surgery..  Medicine  and  Surgery 

Soguin,  E.    Educatiou Education 

Siloox,  G.  W.    Art  of  Printing  and  Manu- 
facture of  Paper Printing  and  Paper  . . . 

Smith,  J.  L.    Chemical  Industry Chemical  Industry 

Thurston,  K.  H.     Machinery  and  Manu- 
factures   Machinery 

Warder,  J.  A.    Forests  and  Forestry Forestrj- 

Watson,     William.       Civil    Engineering, 

Public  Works,  and  Architecture Civil  Engineering 

Repsold's  theodolite Instruments 

Kesiljence  of  steels  made  at  Creusot Metallurgy 

Resins,  Gintrs  report Introduction 

Rhythm,  training  of Education 

Rice  of  Indian  corn Vienna  Bread 

Richards,  London  &.  Kelley 's  tools Iblachinery 

Richter  on  public  libraries Introduction 

Ricbter,  Lechuer,  and  Klar  on  American  book- 
trade  do 

books do 

National  Bureau 

of  Education do 

Rideli  on  Royer  Wheel  Company's  wheels do 

tubular  barrows do 

wagons  and  wheels do 

West's  tire-setter;  wheels do 

Rieter  ScCo.'s  Jonval  wheel Machinery 

Rifles,  (see  Fire-arms.) 

River  improvements  betweeu  Paris  and  Auxerro  Civil  Engineering 

Road-locomotives,  deductions  from  trials Machinery 

•       foreign  trials  of do 

tractive  forc«  of do 

trials  by  Thurston do 

Roads  and  Bridges,  French  national  school  of. . .  Civil  Engineering 

Roasting,  (see  Smelting.) 

furnace,  Binsfeldharamer Metallurgy 

Freiberg do 

ores,  Ems  Smelting  Works do 

Freiberg do 

process,  Holzappel do 

Mechemicher  Smelting  Works do 

Stolberg  Stock  Company- do 

Kobey  &  Co.'s  engines Macbinery 

Robinson  &Co.'a  tools do 

RocJcdrilla Metallurgy 

Rod  an€l  bar  ima  produced do 
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Kogers,  C.  B.  &  Co.,  wood-working  machinery: 

Anderson's  report Introdaction B  I  247  96 

Exner'sreport do B  I  491  31G 

Rogers,  Mias,  school  of « Edacation K  II  €4  28 

Rolledtires Metallargy E  IV  130  109 

RolliDg.mills do E  IV  177  144 

of  Bohemia,  Moravia,  and  Silesia do E  IV  19  20 

RoUs,bread ViennaBread B  II  103  225 

Sellers  &  Co.'s Introduction B  I  2M  148 

Roman  tiles Architecture B  IV  7  9 

Roof,  laws  relating  to do A  IV  15  25 

iron,  locomotive-honse  at  Montronge Civil  Engineering C  III  22  17 

Roscommon  sheep Sheep  and  Wool EI  31  39 

Ross' picker-motion Machinery...,. A  III  290  2t^ 

Rotary  paddling-apparatus do A  III  292  2g7 

famaces Metallurgy E  IV  50  32 

steam  fire-engine Machinery A  III  103  120 

Rotunda  and  dome Exhibition  Buildings Aa  IV  9  13 

Roumanla  photographic  exhibits Photography D  II  22  56 

telegraphic  administration Telegraphs I  II  57  40 

Rowley  &  Chew,  colored  printing Printing  and  Paper O  II  8  5 

Roy  &  Co. 's  water-wheels Machinery A  III  179  1S5 

Ro3^al  Hnngarian  mint Metallurgy F  IV  177  420 

Saxon  Smelting  Works do F  IV  224 

Royer  Wheel  Company's  wheels Introduction B  I  431  340 

RuppAXEB,  A.,  Report  on  Medicine  and  Sur- 
gery  Medicine  and  Surgery E  II 

Russia,  black  soil  of ViennaBread B  II  6  3 

forests Forestry D  I  55  69 

forestry  exhibits do D  I  14  12 

phosphateof ■. ViennaBread B  II  22  25 

analysisof do B  II  24  26 

Russian  exhibit  of  sheep Sheep  and  Wool EI  15  1 

locomotives Machinery A  III  70  ?4 

ores Metallurgy F  IV  215  4e6 

production do F  IV  216  492 

photographic  exhibits Photography D  II  22  5T 

statistics,  sheep SheepandWool EI  44  5^ 

telegraphic  administration Telegraphs I  II  r7  41 

Rje-bread ViennaBread B  II  84  leG 

s. 

Saddles,  military Introduction B  T  344  S06 

Saeger's  school  for  deaf-mutes Education K  II  41  H* 

Safety    Steam     Power    Company's     engine, 

Radinger's  report Introduction B  I  415  310 

Safety-valves,  Xovelly's  report do B  I  413  3(n 

Salle-d'Asyle Education K  II  10  5 

Saltpeter-soda  or  Chili  niter Fertilizers C  II  48  49 

Salts,  ammonia do C  II  48  50 

potash,  at  Stassfurt do C  II  53  » 

Stassfurt,  deposits do C  II  52  57 

Salzkammergut,  forests Forestry D  I  69  B7 

Sand-blast,  Tilghman's Machinery A  III  316  293 

Do Working  of  Stone D  IV  5  1 

Do Anderson's  report Introduction B  I  S34  71 

Sands  for  mortar  and  cement Architecture A  IV  13  19 

Sandwich  Island^  photographic  exhibits Photography D  II  5S  5l» 
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Sanitary  department MediciDO  and  Surgery 

Sardinia,  forests Forestry 

Sanllick  cement Working  of  Stone. . . . 

Saw-quarrying  machine do 

8aw8,band,B.  D.Whitney's Machinery 

history  of  the do 

Perin  Sl  Co.'s do  , 

Hichanls,  London  Sc  Kelley's do 

Saxe-Coburg-Gotba  forests Forestry 

exhibits do 

pavilion Exhibition  Buildings 

Saxe- Weimar  school  of  forestry Forestry 

Saxon  mines,  production Metallorgy 

Saxony  school  of  forestry Forestry 

sheep-raising  in Sheep  and  Wool 

Say er  on  leather  and  caontchono Introdaction 

leather  from  cow,  calf,  and  horse  hides do 

Scaffolding A.rchitecture 

SchLeie' s  pump Machin ery 

Schmied,  («ee  Reports,  Austrian.) 

Schmidt  on  fermented  liquors Introduction 

Schneider  &  Co.'s  engines Machinery 

locomotives do 

works do , 

Sch  nek  on  India-rubber  goods do 

Scholar,  his  text-book  and  his  teacher Education 

Scholtenbrand's  iron  cross-ties Metallurgy 

School,  American Education 

apparatus do 

Do Introduction 

as  it  is,  and  as  it  should  be Education 

as  it  should  be do 

at  Barre do 

Columbus  .., do 

Frankfurt do 

Hartford do 

homo do 

Leignitz do 

Media do 

Syracuse do 

attendance Introduction 

bells Education 

conclusion do 

Dr.  Amman's do 

edifices Introduction 

plans do 

education,  (see  Education.) 

exhibition  of,  at  Vienna Education 

extent  and  character  of  Hollando-6er- 

man do 

for  blind  and  deaf,  combined do 

deaf-mutes do 

idio  ts,  American do ■ 

Belgian do ■ 

Bic6tro do 

Dutch do 

EarUswood do 


English do 
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School  for  idiots,  Essex  Hall Edacation K       II  82  K 

French do K       II  79  35 

Gentilly do K      n  81  37 

German do K       II  76  33 

Gheel do K       II  77  34 

Ghent do K       11  77  34 

Gladbach do K       II  75  K 

Hague do K       II  77  34 

Lancaster do K       II  85  40 

NormanField do K       II  85  40 

origin  of do K       II  75  32 

Salpfitriere do K       II  81  37 

furniture do K  II  106  61 

general  education  in  American do K  II  29  49 

Austrian do K  II  102  54 

Belgian do K  II  103  56 

English do K  II  99-48 

French do K  II  103  57 

Italian do K  H  101  58 

Portuguese do £  n  103  53 

Prussian do K  U  102  55 

Swedish do K  II  99  SO 

Swiss do K  II  100  51 

Heinicke's do K  U  43  19 

Hill's do K  II  43  19 

Hirsch's do K  II  43  19 

history  of,  for  deaf-mutes do K  II  41  le 

Hollando-German do K  II  43  19 

house,  American Exhibition  Buildings Aa  r\'  6  7 

buildings do Aa  IV  12  23 

model Education L  II  14,  13 

Swedish do L  11  23  37 

United  States do L  11  17 

interior  arrangements  of do K  II  103  60 

Janke's do K  11  43  19 

likeafamily do K  II  70  31 

methods  of  training  in do K  II  111  65 

MissHuU's do K  II  64  ffiJ 

Roger's do K  II  64  a? 

Traak's k do K  II  64  Ss* 

ofHUnois do K  II  64  £3 

of  Roads  and  Bridges,  Paris Civil  Engineering C  III  68  92 

opportunities  for  its  establishment  at 

home Education K  II  23  11 

origin  and  basis  of do K  II  83  11 

originof do K  II  75  23 

Periere's do K  II  75  24 

physiological  infant do K  II  23  11 

primary do K  II  111  64 

polytechnic  at  Berlin Machinery A  III  367  3» 

Dresden do A  III  363  359 

Saegart's Education K  II  43  19 

technical Introduction B  I  269  125 

textbooks Education K  II  lOS  63 

training  in,  prominent  points  of,  and 

their  application do K  11  90  46 

Schooling,  its  object,  means,  and  tendencies do K  II  113  66 

Schools,  apparatus,  American do L  II  14  13 
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Schools,  apparatas,  German Education 

Swedish do 

indastrialf  Belgian do 

of  British  India do 

Georgs-Marien-IIiitte  Company  ^tetallurgy 

horology Instruments 

Schroff  on  drugs Intro<lnction 

Schwab    and   others'    reports,    {see  Keports, 
Austrian.) 

Sch wedler  on  New  York  Harbor  improvements do 

Schwarz  on  cotton -seed  oils do 

kerosene  oils do 

Schwarzenberg  forestry  exhibits Forestry 

pavilion Exhibition  Buildings  .. 

plants Forestry 

worked  timber do 

Scotland,  blast-furnace  practice  in Machinery 

Scott's  gear-molding  machine do 

Scourer,  wheat Vienna  Bread 

Scraper,  B.  ©."Whitney's Machinery 

Screw-machine  of  Brown  &  Sharpe  Manufac- 
turing Company Introduction 

Screw,  Swedish  twin Machinery 

Seasoning  of  wood,  "Wood's  me thod Wood  Industries 

Sea-thermometer Instruments 

Seeds,  separating  and  winnowing Vienna  Bread 

Seguin  E.,  Report  on  Education Education 

Seine  and  Yonne  river  improvements Hydraulic  Engineering  . 

Selden's  pumps Machinery 

Sellers  &,  Co.'s  drill-sharpener Introduction 

details do 

gear-cutter do 

hammer do 

injectors Machinery 

lathes Introduction 

machinery,  Anderson's  report do 

Hartig  and  others' 

report do 

Serlo  and   Stolzel's 

report do 

Tresca's  report do 

rolls do 

rotary-puddler,  Anderson's  re- 
port  do 

Gruner's  report do - 

Kupelwieser's do 

report 

steam-engine do 

steam-hammers Machinery 

rotary  puddling-machine do 

tools do 

highroUs Metallurgy 

puddler do 

Semrad  on  American  rifles Introduction 

Senegal  forests Forestry 

Sensation,  seat  of. Education 

training  of do - 

Senses,  education do 
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Senses,  effect  of  colors  and  ornamentation  of 

cradle Edacation K  TI  4  2 

indastrial  education  of do K  II  117  70 

mechanical  edacation  of do K  II  116  & 

training  of  special do K  II  33  16 

Seraing,  Cookerill's  works  at Machinery A  UX  3d3  365 

Serlo  and  Stolzel  on  nickel  and  cobalt Introdaction B       I  361  ^ 

Sellers  &  Co.'s  tools do B        I  361  823 

Survey  on  photography do B        I  304  410 

Servian  telegraphic  administration Telegraphs I  II  57  4i 

Service  bridges. Civil  Engineering C  III  33  37 

Sewage,  Stanford's  process Fertilizers C  II  55  6^2 

waste do C  II  55  62 

utilization  by  irrigation do C  II  59  6f> 

Sewerage  of  Hamburg Hydraulic  Engineering D  III  13  30 

the  exhibition do D  III  11  19 

Vienna \ do D  III  11  le 

SEWL\G-MACHiiiE.s,  Bcport  by  George  A.  Fair- 
field   Sewing-Machines B  III 

Sewing-machines Machinery A  III  356  ^ 

adjustment  of  parts Sewing-Machines B  m  33  9 

American do B  III  10  3 

American    compared  with 

foreign do B  III  5  1 

Anderson's  report Introduction... B  I  253  160 

blacksmith's  works Sewing-Machines B  III  31  ? 

Canadian v. ..do B  III  10  S 

Cohn'sreport Introduction B  I  493  3£ 

European Sewing-Machines B  III  6  i 

foundry  work do B  III  27  6 

German do B  III  6  3 

Hartig  and  others*  report Introduction B  I  383  9S7 

Grever&Baker do B  I  333-369 

Wheeler  &  Wilson do B  I  383  270 

Wilcox&Gibbs do B  I  383  963 

Howe Sewing-Machines B  m  10  3 

machine-work do B  HI  23  7 

mode  of  selling do B  III  34  10 

originof do B  III  27  5 

Remington do B  HI  25  3 

Secor do B  III  14  3 

Singer ,. do B  III  10  3 

Thimonnicr's do B  III  6  *i 

Tresca's  report Introduction B  I  341  1* 

Weed Sewing-Machines B  III  16  3 

Wheeler  &  Wilson do B  III  22  3 

Wilcox&Gibbs do B  III  13  3 

Wilson do B  III  15  3 

Sexes,  co-education  of Education K  II  46  SJ 

Sex  in  education do K  II  117  70 

Shafting,  cold-rolled,  Anderson's  report Introduction B  I  240  ^ 

Holmes*  report do B  I  253  K^ 

Jones  dc  Loughlin's  cold-rolled Machinery A  III  329  ^ 

weight  and  strength  of do A  III  214  934 

Shaft  roasting-furnace  at  Freiberg Metallurgy F  IV  35  ^2 

Shaping-machine,  Pratt  &  Whitney  Company's.  Machinery A  III  213  ^ 

Sharpe's  fire-arms,  Mertian's  report Introduction B  I  343  ^ 

Russell's  report do B  I  255  lU 
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Sbarpe,  Stewart  &  Co/s  tools  and  works Machinery A 

SiiEET  AND  Wool,  Koport  by  J.  R.  Dodge Sheep  and  Wool E 

Sheep,  (*e«Wool.) 

Austrian  exhibits do E 

Cotswold  merinoes do E 

merinoes *. do E 

Austro-Hungaxian do £ 

Bavarian do 1 E 

breeding  in  France do E 

crosses do E 

crosses  in  France do E 

Do do E 

for  mutton do E 

French  methods do E 

in  Bavaria do -. i E 

Great  Britain do E 

Hungary do  ...« E 

Saxony do E 

modifications  by do E 

progress  in do E 

British  black-faced do E 

Border-Leicester do E 

Cotswold do E 

Cheviot do E 

di  fferen  t  breeds do E 

Do do E 

Dorsets * do E 

Exmoor do E 

Hampshire  downs do E 

Leicester do E 

Li  n  coins do E 

Oxford  downs do E 

Romney  marsh do E 

Roscommon do E 

Shropshire  downs do E 

Soathdowns do £ 

Welsh  mountain do E 

French,  ancient  breeds do E 

cross-breeds do E 

distribation do E 

local  adaptation do E 

mutton-producing do E 

Rambonillet do E 

Gerninn do £ 

entries do E 

merinoes do E 

Spanish  breeds do E 

Prnssian-Silesia do E 

Russian do E 

entries do E 

United  States '. do.  E 

yard,  plan  of d    E 

Sheffield  steel  and  armor-plate Machienry A 

Ship-building,  iron do A 

V8.  wood do A 

Shoeandboot  machlnerj', Bigelow's Intn»duction B 

Shoe-machinery,  Bigelow's do A 

Shovels,  Lauer,  Zinner,  and  Brunner's  report do • B 
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Shropshire  downs Sheop  and  Wool EI  35  .11 

Sicily  forests Forestry D  I  »  74 

Sidewalks  of  London Working  of  Stone D  IV  M  33 

Sieberllng's  mower  and  reai>er— 

Maw  &  Dredge's  report lutrodaction B  I  379  14b 

Schmied's  report do B  I  4»  333 

Tiaserand's  report do B  I  314  167 

Siemens' deep-sea  thermometer Instruments H  II  10  19 

direct  process Motallnrgy E  IV    136 

en^nxie Machinery A  III  38  ti 

regenerative  furnace MetaUorgy F  IV  151  353 

relays Telegraphs.... J  H  5  2 

polarized do J  II  6  3 

Sight.careof Education K  II  a  23 

Sigl'sboiler Machinery A  III  133  l« 

Signs,  a  means  of  learning Education K  II  66  3D 

Sujcox,  G.  "W.,  Keport  on  Abt  op  PinNTixo 

AND  Manufacture  OF  Papeb Printing  and  Paper O  II 

"SUent World'' Deaf-Mntes M  II  9  7 

Silesia,  Prussian,  wool-growing SheepandWool EI  «  » 

Silk  industry ;  silk-worm  culture Introduction B  I  333  1* 

manufactures  of  Switzerland Machinery A  III  349  ^ 

production  and  consumption Introduction B  I  332  U* 

Silsby  Manufacturing  Company's  steam  fire-    Machinery A  III  105  121 

engine. 

Silver Introduction : B  I  3®  «1 

extraction,  Andreaslierg Metallurgy F  IV  115  367 

LowerHungary do F  IV  181  4Ja 

Mansfield  Copper  Works do F  IV  134  317 

Royal  Hungarian  Mint do F  IV  ITl  420 

Slolberg  Stock  Company do F  IV  149  3«» 

productionof Introduction B  I  366  SK 

Sweden Metallurgy F  FV  25  61 

refining,  Freiberg do P  IV  74  175 

Simultaneous  systems  of  telegraphing Telegraphs J  II  S9  1* 

Sinclair's  boiler Machinery A  III  1*7  "*> 

Skaliz  forests Forestry D  I  98  123 

Slaughterhouse  refuse Fertiliiers C  U  49  53 

Slide-valve  engines Machinery A  III  «  35 

Slot  ting-machine,  Sellers  &  Co.'s do A  III  »  336 

Sluice-gates,  Girard's CivU  Engineering C  III  34  V 

Smelting,  {see  Roasting.) 

lead,  Brixlegg  Smelting  Works Metallurgy F  IV  165  » 

dausthal do F  IV  104  364 

JuliusHiitte do ; F  rv  138  311 

process,  Bleyberg do ! F  IV  17  42 

Carinthia do F  IV  1©  ST 

Freiberg do F  FV  X  136 

roasted  matte do F  IV  77  1?7 

Holzappel do F  IV  151  3M 

Italy do F  IV  14  » 

Mecheniiclier  Smelling  Works do T  IV  IM  3K 

Miihlbach  Smelting  Works do F  IV  M6  SM 

Stolberg  Stock  Company do F  IV  167  34* 

Styria do F  IV  m  410 

Tamowitz do F  FV  137  3£4 

Turkey do F  IV  «I7  5Pa 

Smelting  works,  (M0  Furnaces.) 

Binsfoldhammer  furnaces do F  IV  130  ♦'Cs 
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Subject.  Kbport. 

Smelting  works,  Bleiberg  Smelting  Company  ...  Metallargy 

Brixlegu; -. do 

Ems do 

Krapp's Machinery 

MUhlbaota Metallorgy 

Priam do 

Smith  &  Wesson's  fire-arms,  Mertiaa's  report . .  Introdnotioii 

Baseeli's  report do 

Smith,  J.  L.,  Report  on  chemical  indostry Chemical  Indastry  — 

Smnt^machine  for  wheat Vienna  Bread 

Soci6t6  Anonyme  de  Conlllet  locomotives Machinery 

des  Hants- Fonmeaux Metallurgy 

Cockerill's  marine  engines. Machinery 

•loeomotives-.*..^ wdo 

Society,  Photographic,  of  Bologna Photography 

Socin  &  Wick's  engine .". Machinery 

Soda  mannfactnre Chemical  Industry 

saltpeter Fertilizers 

water  apparatus,  Matthews' Introduction 

Soil,  black,  of  Russia Fertilizers 

exhaustion  of do 

Sombrero  phosphate do 

Sonnding-Iine  of  deep  sea  thermou>eter Instruments 

Southdowns Sheep  and  Wool 

history  and  characterist ics do 

Southern  flour Vienna  Bread , 

South  Kensington  Museum Patronage  of  Ai-t 

Sowing-machines,  Schmied's  report. .  ^ Introduction 

Spain,  educational  exhibits Education 

forest Forestry 

met^lnrgical  exhibits Metallurgy 

method  of  education Education 

photographic  exhibits Photography 

Spanish- French  school  for  deaf-mutes Education 

phosphate Fertilizers 

price do 

sheep  in  Germany Sheep  and  Wool 

telegraphic  administration Telegraphs 

Spectroscopes Physical  Apparatus .. . 

Speech,  alphabet Education 

Bell's  theory  of do 

class  books do 

symbols do 

visible do 

Spinning  of  cotton,  Peez's  report Introduction 

Steijfer-Meyer's  report do 

machine  for  wool,  Avery's do 

Split-wood  manufacture do 

Sprague  mower,  Schmied's  report do 

Tisserand's  report do 

Springfield  muskets  and  rifles do 

Staatsdruckerei,  Vienna Government  Printing 

Stairways Architecture 

construction AVorking  of  Stone  . . . . 

Stanford's  products  from  sea- weed Fertilizers 

sewage do 

Stapfart  potash Chemical  Industry... . 

Staple  products  of  the  United  States Introduction 
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Starch VietinaBread B  II  9  1? 

characterof do B  II  68  1« 

chargesof do B  II  92  'JOJ 

conversion  into  dextrine do B  II  93  263 

grains do B  II  73  154 

Gint-l's  report Introduction B        I  401  287 

Kopp'sreport do B        I  4fi9  3T3 

Starke  &  Kammerer's  plane-tables Instruments H  II  8  13 

Stassfurt  saline  deposits Fertilizers C  II  ^57 

State  monopoly  of  the  telegraph Telegraph I  II  5*2  t? 

patronage  of  art Patronage  of  Art K  II  If* 

printiog  e&tablishment  at  Vienna Government  Printing P  II  6  j 

Statb,  Secketart  of,  Introductory  Note Introduction A       I 

Stations,  railway Architecture A  IV  3l  :« 

Statistics  of  commerce  in  metals Metallnrgj E  IV  SB  43 

iron  and  steel  production  at  Crensot do £  IV  lao  94 

iron-making  industry.  Ackerman's  do , E  IV  176  IIj 

report. 

mining do E  IV  6  .'• 

Kussiau  iron  and  steel  making do £  IV  208  IV) 

Stcam-cDgine — 

American,  Rsdiuger's  report Introduction B        I  415  310 

Xorwalk  Iron  Works,  Maw  &  Dredge's 

report.., do B  I  267  133 

*                                          Kadlngers  report do B        I  416  313 

Pickering's,  Holmes' report do B  I  253  IW 

Badinger's  report do B        I  419  313 

Safety  Steam  Power  Companj 's do B  I  418  31 

Sellers  &  Co.'s do B  1  490  314 

Steam-engines,  Advantages  of,  in  traction Machinery A  III  97  III 

British  and  American  fire do A  III  IOC  123 

compared  with  hydraulic  motors do A  III  115  -Te 

fire do A  III  10.1  r.< 

Henderson's  theory  of  the  airo do A  III  15i  l^ 

meritsof  American  fire do A  III  lOB  124 

New  York  Safety  Steam  Power 

Company's do A  111  36  37 

Tangvc&Co.'s do A  III  29  3" 

Steam  lire-oaglues Machinery A  III  103  I5fl 

hammers do A  III  294  »^ 

pressure,  increase  of * do A  III  41  *« 

pumps do ^. A  III  186  19»'» 

uses  of.  iu  bieiidmaking Vienna  Bi-cad B  II  94  ai^"^ 

»#.  gas  ns  Ji  motor Machinery A  HI  147  lis 

Stcarus' duplex  telegraph Telegraphs I  II  31  K 

Steel,  Bairow Machinery :...    A  III  4«?  -^ 

and  iron,  Maw  &,  Dredge's  report Introduction. }l  I  281  H'> 

Gruuer's  report do B  I  293  U' 

and  iron  ware,  Haardt's  report do B  I  407  i'7 

castings,  Bochum Metallurgy E  IV  112  K' 

compared  with  cohl-rolled  bronze Machinery A  III  334  5i"' 

gun-barrels Metallurgy E  IV  144  lii 

introduction  of Machinery \.  Ill  t«  '.'" 

Krupps do A  111  390  ^"^ 

wheels do A  III  81  t6 

made  in  the  Alpine  country Metallurgy E  IV  VA  1- 

makin;i.  growth  in  Gerniauy do    ,. E  IV  5fi  *' 

PittMburjih Intioductiou B  I  337  :f-l 
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Steel,  Sheffield Machinery 

StenieDs-Martin  process  of  making do 

Tliurston's  testa  at  the  Stevens  lustitiite 

of  Technology ; do 

ii.se  in  German  car-bnildiog do 

vs.  iron do 

Whitworth's  compressed  cast do 

works  at  Barrow do 

Sl«Mger-Meyor  on  cotton-apinninj; Introduction , 

pi-inting  and  dyeing do 

weaving do 

acliool-desks do 

Steinway '»  pianos,  devices,  special do 

system  of  construction do 

tone,  quality  of do 

upric^ht  piano do 

Sternberg  and  othcn  on  operations  at  Hallett's 

Point,  New  York do 

Stevens  Institute  of  Technology,  Thurston's 

tests  of  Barrow  steel  at Machinery 

St.  Gallon  flour-mill Vienna  Bread 

Stiles  &  Parker's  tools Machinery 

Stilea  Sc  Parker  Press  Co.'s  tools Introduction 

Stingl  on  illnmioatiug  gas do 

Stirling's  hot-air  engines Machinery 

St  Martin  phosphate Fertilizers 

Stolberg  St4M:k  Company Metallurgy 

Kiuc  desil  verization do 

Stone,  American  and  foreign Architecture 

artificial Exhibition  Buildings 

be<lding Architecture 

Carrara  marble do 

econora}'  in  use  of  European.: do 

molded  for  cornices Working  of  Stone  . . . 

Portland do : 

Ransome's  artificial do 

Stoxb,  WoRKiKO  OF,  Report  byL.J.  Histon do 

Stone-dressing,  application  of . ., do 

luster  of do 

machine,  A  unani's do 

Stone-working  in  America do /.  ■ . . 

Europe  do 

Vienna do 

Store,  union,  of  the  Georgs-Marien-HUtte  Com< 

pany Metallurgy 

Stove,  German  porcelain Architectare 

St  Petersburg,  school  of  forestry Forestry 

Strauss  Mnsic-Hall,  Vienna Exhibition  Buildings 

vertical  witter- wheels Machinery 

Straw -burner,  Ransome,  Sims  &.  Head's do .. 

braiding do 

Strikes  of  workmen Instruments 

Stucco,  application  and  uses Working  of  Stone  . . . 

uses  in  London do 

Vienna do 

Stupendorfi"s  plane-table Instruments -  -  - 

Styles  of  architectare Architecture 

Styria  forest  culture Forestry 
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Strria  forest  products Forestry D  I  30  33 

forests  of do D  I  75  99 

ores MotallarfO' F  IV  172  410 

Stock  Company^  zinc  deailverization do F  IV  17!2  411 

Styram  Company,  exhibits. of do E  IV  60  47 

Sabmarine  operations  in  Xew  York  Harbor, 
(see  New  York  Sarbor.) 

Sugar,  Tbiel's  report Introduction B  I  371  243 

and  apparatus,  Hanamanu's  report do B  I  402  2^ 

from  beet-root,  Tisserand's  report do B  I  335  li?0 

anddextrine ViennaBread B  II  9  20 

Sulpliates  and  phosphates do B  II  IS  2D 

Sulphuric  acid,  Freiberg Metallurgy F  IV  46  l(te 

Kofreltorps  Stock  Company   do F  IV  34  58 

Mansfield  Copper  Works do F  IV  135  3li» 

Oker  Smelting  Works do F  IV  130  306 

Sulzer  Fr^res'  steam-engines Machinery A  1(1  21  33 

trial  of ...do A  III  S3  34 

Superintendence  of  buildings Exhibition  Buildiugs Aa    IV  16  31 

Superior  Machine  Co/s  mower,  Schmied's  reitort  Introduction B  I  430  333 

Tisserand  8  re- 
port  do B  I  314  167 

Superphosphates,  English Fertilizers C  11  ^34 

German do C  II  31  33 

Surface-condensation Machinery A  III  44  :ci 

SuBGBRY  AND  MEDICINE,  Keport   by  Du.   A. 

RUPPAJIER Medicine  and  Surf^ory E  II 

Surveying  instrument,  "  Universal'* Instruments H  II  6  7 

StttroTunncl Introduction B  I  343  207 

Sweden  educational  exhibits Education L  II  9i  A- 

forestry  exhibits Forestry D  I  14  U 

forests do 1)  I  53  65 

photographic  exhibits Fhotogrsphy I)  II  15  35 

school-honse Education L  II  22  Si 

furniture  and  apparatus do L  11  23  3- 

Swcdish  schools do K  II  100  51 

telegraphic  administration Telegraphs I  H  57  4.5 

twin-screws  for  steamers Machinery .^ A  HI  59  6.' 

Swis8  clocks Instruments G  '    II  5  ^ 

Industries,  influences  affecting Machinery A  III  317  32) 

metal- working  tools • do A  HI  245  253 

plane-table Instruments H  II  9  l'* 

railroads Telegraphs I  II  66  K 

bchools Education K  U  100  51 

silk  manufactures Machiner}' , A  HI  291  2i^ 

telegraphic  administration Telegraphs I  H  58  41 

employes do I  H  75  ** 

offices do I  II  70  5:» 

telegraphs do I  H  ** 

watches Instruments G  II  12  1 

Switzerland  educational  exhibits Education L  H  24  S> 

forest  area Forestry D  1  53  67 

forestry  exhibit do D  I  15  13 

photographic  exhibits Photography i D  II  13  31 

text-books Education K  II  24  K 

Symmetry,  its  effects uo K  II  29  H 

Sympathetic  function,  precedence  of do K  II  23  !• 

Syracuse  school  for  idiots do K  II  ©41 
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Tele^aphic  apparatus,  Eoropean Telegraphs I 

French do J 

Gally's do I 

German  historical do I 

Hughes'  printer do J 

ink-writer,  Earopean do J 

Jaite's do J 

Do do I 

Littles do I 

Meyer's do I 

Morse's do J 

register,  Morse's do J 

relays,  Siemens'  polarized do J 

Siemens'' do J 

Stearns's  duplex do I 

transmitting do ^  I 

•  J 

I 

J 

J 

J 


ciro  ait,  con  nectin  g do  . 

conductors do  . 

wire do  , 

European do 

galvanized do  . 

correspondence do  . 

employes do  . 

Austro-Hnugarian do  . 

Belgian do  , 

British do. 

French do , 

German do 

Italian .■ do 

RoBsian do 

Swiss do 

exhibit?,  American do 

German do 

insulators do 

Do .- do 

mannfactnres do 

tests,  European do 

Prussian do 

offices do 


J 
I 
J 
J 
J 
I 


Auatro-Hongarlan do I 

Belgian do I 

British '. do I 

French do I 

German do I 

Italy do I 

Swiss do I 

resistance do J 

moaanresof do J 

statistics,  European do I 

of  cost do I 

tariil do I 

traffic do I 

transmission,  double do J 

pneumatic  tubes do J 

rates do J 

Telegraphs  and  Apparatus,  Report  by  David 

Brooks do J 

Telborapiis  and  Teleorapiiic  Adminibtra- 

TI03T,  Report  by  R.  B.  Likes do I 
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Belfcian do I 

British do I 

FreDch , do I 

Gemiaii  do I 

Italy do I 

Swiss do I 

batteries  for do I 

branch  lines do J 

cost  of do J 

English  and  French do J 

European ^ do J 

French do .' I 

German do I 

historical  sketch do J 

methods do I 

modem  construction do J 

monopolies do J 

posts  for do J 

preservation  of do J 

proper  sj'stem do J 

rates do J 

simultaneous  system do I 

system,  Wheatstone's do J 

n nderground  lines do J 

Do -...do I 

underground  wire  in  cities do J 

United  States do J 

Telegraphy,  automatic do '. I 

Tenement-houses Architecture A 

Terra-ootta Working  of  Stone *D 

Do Architecture B 

Austrian - do B 

Tes8i6  and  Mar^chaVs  photographic  process Photography D 

Tests  of  watches Instruments 6 

Tetschen  forests Forestry D 

Text-books  and  teachers Education K 

in  schools do K 

in  Switzerland do K 

Textiles,  {see  Cotton.) 

Textile  machinery  at  Vienna Machinery A 

manufactures  of  Germany do A 

Weigert's  report Introduction B 

Zemanon  twilled  goods ..do B 

Text-books do B 

Theaters,  Vienna Architecture A 

Thermometer,  air Physical  Apparatus F 

balance Instruments H 

for  deei»-8ea  sounding do H 

mercurial Physical  Apparatus F 

resistance Instruments H 

Thielon  articles  of  food Introduction B 

condensed  milk do B 

meat  and  pastry do ^. ..  B 

sugar do B 

Thilenius  mill-stone Vienna  Bread B 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
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II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

IV 

IV 

IV 

IV 

II 

II 

I 

II 

n 
II 

ni 
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1 
I 
I 

IV 

II 

II 

II 

II 

II 

I 

I 

I 

I 

II 

II 


58 
59 
60 
63 
62 
58 
65 
66 

7 
39 
38 
14 
3L 
62 
58 
30 

6 
19 
27 
38 
16 
32 
30 
39 
13 
11 

9 
25 
31 
13 

8 
39 


5 
5 


11 
15 
90 
111 
108 
34 

888 

352 

374 

414 

358 

34 

13 

11 

10 

13 

10 

371 

373 

372 

371 

40 

184 


46 
47 
48 
SO 
49 
46 
51 
52 

6 
39 
38 
34 
41 
49 
46 
40 

4 
27 
37 
38 
36 
43 
40 
16 
17 
13 

8 
35 
41 
13 
13 
46 

1 

3 
24 
19 
119 
64 
63 
40 

378 

337 

348 

308 

334 

36 

17 

33 

19 

18 

30 

315 

347 

346 

345 

92 

192 


74  VIENNA    INTERNATIONAL   EXHIBITION,    1873. 

Subject.  Kkpobt.  Vol.  ragr.  Art. 

ThimmoDier's  sewing-macbine SewlDg-Machinos B      III  B        3 

Thompson,  J.  L.,  paper^barrels PHd  ting  and  Paper O       II         27       3S 

Thno,  CoQnt,  esUte  of Forcntry D        I  W      118 

TnuRSTOX,  It.  H.,  Report  on  Machinbby  and 

Ma3«ufactuiies Macliinery A      III 

tests  of  Barrow  steel do A      III       409      388 

trials  of  steam-boilers do A      III       119      133 

Brajton's  gas*engines do A      III       163      1^ 

traction-engines do A      III        87      IM 

Tide-motors Hydranlic  Engineering D      HI         14       «5 

Tiles,  Englisb Architeoturo B      IV  7         8 

Boman do B      IV  7         9 

Tilgliman's  sand-blast Machinery A      III       316      298 

Do Working  of  Stone D      IV  5         1 

Anderson's  report Introduction B        I         234       77 

LorcVsreport do B        I         378      255 

Timber,  durability  of.'. Forestry D        1  29       33 

transportation Hydraulic  Engineering D      III  6        13 

Tire-setter,  West's,  Anderson's  report   Introduction B        I         243       96 

Hartig's  report do B        I         382      Ses 

Thurston's  report Machinery A      III 

Tisserand's  reports,  (see  Reports,  French.) 

Tobacco Intixiduction B        I         299      15^ 

Tools,  (see  Reports.) 

American do B 

and  British  compared Machinery A 

wood-working tdo A 

B.  D.  Whitney's do A 

British do A 

Brown  &  Sliarpe  Manufacturing  Co.'s do A 

Fay  &  Co.'s do A 

for  special  purposes Introduction B 

French  metal- working Machinery A 

wood-working do A 

German  machine do A 

opinion  of  American do A 

Pratt  &  Whitney  Company's do A 

Robinson  &  Co.'s do A 

Sellers  &  Co.'s do A 

Sharpc,  Stewart  &  Co.'s do A 

Swiss  metal- working do A 

Towing  and  chain do A 

Tmotion-engines do A 

advantages  of  steam do A 

Thurston's  trial  of ..do A 

Tiaiiiiug,  (tee  Teaching.) 

automatism Education K 

contract ili ty do K 

imitation do K 

kindergarten do K 

methods  of do K 

objective  and  suljectlve do K 

prominent  points  of do K 

rhythm do K 

special  senses  ...  .^. do K 

symmetrical .T do K 

Transferring  drawing  to  stono Printing  and  Paper O 

Transportation,  Ackcrman's  report Metallurgy K 


I 

SS9 

83 

UI 

196 

S04 

ITT 

S49 

957 

UI 

249 

257 

III 

265 

app 

UI 

232 

240 

III 

2j9 

267 

I 

338 

rt 

III 

244 

253 

III 

284 

273 

III 

338 

330 

III 

338 

317 

III 

230 

227 

III 

265 

969 

TIT 

205 

216 

III 

399 

>l 

III 

245 

2S3 

UI 

53 

X 

lU 

S3 

m 

lU 

97 

111 

III 

H7 

IM 

11 

S5 

13 

II 

35 

IJ 

II 

25 

13 

II 

19 

10 

II 

111 

& 

II 

19 

10 

II 

90 

46 

II 

25 

13 

U 

33 

!6 

11 

29 

14 

U 

1? 

IV 

155 

131 
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Transportation  rates ; Introdnction B-     II  85  55 

Trask,  Mi«8,  school  and  metbod Edncation £  II  64  28 

Trc9ca'8  trial  of  tho  Lenoir  gas-ODj;ine MacIiiDery A  III  163  163 

Otto  &  Langen  (cas-enginc do A  III  168  170 

on  macbinerj';  influence  of  American 

progress Introduction B  I  339  194 

metal-working  machinorj' do B  I  340  195 

Sellers  &  Co.'s  tools do B  I  340  196 

sewing-machinos do , B  I  341  198 

wood-working  tools do B  I  341  197 

Trial  of  mowers  at  Leopoldsdorf do B  I  306  160 

Tschadi  on  education do B  I  462  388 

in     Germanj'    and     the 

Uuitcd  States do B  I  484  389 

Tunnel,Sutro do B  I  345  207 

Turbines  as  motors Maolilnery A  III  176  180 

atCond6 Ci\il  Engineering C  III  50  64 

Capron*s Macbinery A  III  177  182 

efflciencyof do A  III  177  181 

Gwynno  &  Co.'8  Girard do A  III  178  183 

Xagel  &  Kaonip's  Fonrneyron do A  III  180  188 

Thime's  Fourueyron-Jonval do A  III  184  192 

Turin  dcbool  of  forestry Forestry D  I  100  149 

Turkey,  educational  exhibits Edncation K  II  24  41 

forestry  exhibits Forestry D  I  38  39 

meUllurgioal  exhibits Metallurgy F  IV  217  498 

photographic  exhibits Photography I)  II  22  55 

Turner's,  E.  d:  F.,  engines Machinery A  III  101  116 

Tum-hallc  of  Georgs-Marieu-IIiitto  Com  pan}'  . .  Metallurgy E  IV  106  77 

Twilledgoods Introduction B  I  414  308 

Typefoundery, state printing-oftice,  Vienna Government  Printing P  II  6  9 

foundory do P  II  10  20 

setting  machine do P  II  .14  35 

Tyiiography lutroilnction B    '    I  377  251 

Tyrol,  Forestry  exhibits Forostrj- I)  I  30  34 

u. 

VchatiuM*  cold-rolled  bi-ouzo Machinery A  III  324  29« 

theory  of  working  gun-barrels do A  III  328  302 

Vndorh ill's  augiihir  belt do A  III  334  312 

Unitetl  States,  {see  American.) 

agricultural  development Introduction B  I  316  172 

Bureau  of  Edncation do B  I  354  217 

commissioners  to  Vienna do B  I  156  60 

commissioners  to  Vienna,  regu- 
lations  do.. A  I  159  62 

contributions  of  the  different 

States do A 

landed  property,  distribution  of do B 

politico-economic  relations do B 

protluction,  increase  of do B 

tabular  exhibit,  1 870 do B 

progress;  data do B 

eection  of  exhibition Exhibition  Buildings Aa 

section  ; 'official  catalogue Introduction A 

staple  products do B 

'' Universal''  surveying  instrument Instruments H 

Uniguay  photograph ical  exhibits Photography D 
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321 
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Vallanibrosa  Bi'bool  of  forestry Foreatpy D  I  100  U9 

Valve-gear,  Guinotte'fi Maoliinory A  III  63  76 

Valve,  plaiiu»lide do A  III  84  3J 

Valves,  safdty lutrodnctioc B  I  413  307 

Veneers do B  I  408  2» 

Venezuela  photographic  exhibiUi Photographj* I)  II  7  s 

Vessels,  classification  of Machinery A  III  4i6  4a*> 

Swedish  twin-screw do A  III  59  t'. 

Viaduct,  Boable. a. Civil  Engineering C  III  15  1 

overtbeOsiwi do C  III  21  2i 

Viaducts Hydraulic  Engineering D  III  10  K 

Victoria  wheat ViennaBread B  II  t^  40 

Vidal's  photometer Photography D  II  13  i' 

Vienna,  {gee  International  exhibition h.) 

American  mechanics  at Machinery A  III  34:1  32i 

apartment  buildings Exhibition  Buildings Aa  IV  15  '^ 

arsenal do Aa  IV  14  *-T 

bakery A'ionnaBread B  II  07  217 

phosphatic  bread do B  II  11*2  2« 

ViKN'NA  UREAD,  Report  by  E.  N.  HoiiSFOBD do B  II 

brcwl do B  II  I  i 

snperiorityof do    B  II  ICO  ^3 

buildings  of  the  exhibition,  Report  on. .  Exhibition  Buildings Aa  IV 

buildings Working  of  Stone D  IV  38  44 

oityof Exhibition  Buildings Aa  IV  5 

configuration,  influence   in   plans  for 

buildings Architecture A  IV  t»  10 

education  of  workmen  in Working  of  Stone D  IV  S2  'J4 

flour ViennaBrea«l B  II  59  J^ 

grits do B  II  31  <-7 

Heinrichshof Exhibition  Buildings Aa  IV  13  ^ 

making  mosaic-works 1  Working  of  Stone D  IV  25  31 

metal-working  machinery  at Machinery A  III  SOI  «l- 

modesofwork Working  of  Stone D  IV  1»  25 

opera-house Architecture B  IV  22  4." 

private  d  wellings,  report  on do A  IV 

size  and  situation  of do A  IV  5  1 

state  printing  office Government  Printing P  II  6  '* 

stock  company's  office Forestry D  I  83  113 

stone-working  at Working  of  Stone D  IV  21  iS 

Strauss  music  hall Exhibition  Buildings Aa  IV  14  5* 

textile  machinery  at Machinery A  III  3^8  27^ 

use  of  stucco  in Working  of  Stone D  IV  M  39 

wages  of  workmen  in do D  IV  25  31 

watersupply Hydraulic  Engineering D  III  10  15 

woods  used  in  building Architecture B  IV  17  33 

wood-working  machinery  at Machinery A  III  ft47  25r» 

Villachlead Metallurgy F  IV  168  3J5 

Villers-Cotteret's  school  of  forestry Forestry D  I  1»  ir» 

Viniculture,  (ms  Wines.) 

In  the  United  States,  Tcisson lure's 

report Introduction  B  I  330  IM 

Tisserand's  report do B  I  336  Hi 

of  the  world,  Teissonidre's  report do B  I  330  i< 

Vise,  Hall's  •'Sudden-Grip"— 

Anderson's  report do B  I  241  ^* 

Hartig  and  others'  report do B  I  3?5  2n» 
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Subject.  Report. 

Vivenot  ou  mining  produota Introduction B 

Vizet<'lly  on  wines do B 

Voice,  vibrations,  effect  upon  babes Education K 

w. 

\Va;:«a,  French  National  Printing-Oflico Government  Printiug P 

mosaic  workmen .' Working  of  Stone D 

State  Printing-office,  Vienna Government  Printing P 

stone-cutters  of  Vienna Working  of  Stone D 

Wagons  and  wheels,  Kideli's  report Introduction B 

Wald-Btirgerschaf t  Smelting  Works Metallurgy Y 

Wall-paper Printing  and  Paper " O 

Walls,  bonding  of Architecture B 

durability  of do A 

of  the  exhibition  buildings Exhibition  Buildings Aa 

partition Architecture B 

thickness  of do A 

Walter  printing-press Government  Printing P 

Walzmi'ible,  Pesth Vienna  Bread B 

prize  flour  from do B 

Wegmann's do    B 

War,  (sec  Army;    Army  Equipments;   Fire- 
arms.) 

Wardeu, J.  A.,ReportonFouKSTBANDFOBE8TKY  Forestry D 

Warder,  Mitobell  &  Co.'s  mower  and  i-eaper— 

Indeich's  report Introduction 15 

^  Schmied*s  report do B 

Tisserand's  report do B 

Warhauek  on  preserves do IJ 

Warths cloth-cutter Machinery A 

Do Introduction B 

Watch  and  clock  niauufact ures  in  Switzerland  .  Machiuer}* A 

Watches,  Audemar's Instruments 

Austrian do 

Badollet  &;  Co do 

Breguet do 

report do 

chronometers,  Englisli do 

French do 

Harrison do 

Italy do , 

marine do , 


Vol.    Page.  Art. 


G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

Netherlands do G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 


pocket. do  . 

Switzerland do  . 

Do do  . 

oMupensali<m  of do  . 

Dufour,  Zentler  &  Brother do  . 

Ekegren,  M.  R do  . 

English do  . 

and  Swigs do  .. 

French  &  Co do  . , 

German do  . 

G  ra tel do  . 

Haas  &  Co do  . 

improvements  in do  . 

isochronisra do  . , 

Jaccaid do  . 
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395 
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I 

284 
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II 

53 
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II 
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IV 

S5 
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II 
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16 

IV 
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IV 
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10 
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17 
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16 
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Watches,  Japay  Brothers  &  Co Instraments G  II  Ifl  23 

Jeanjaquet  &  Co do G  II  17  22 

Kloftenberger do G  II  11>  25 

KaUberg do G  II  1»  25 

Lange&Sons do G  II  19  2& 

Leroy&SoDs do G  II  17  23. 

MoDtandoD do G  II  16  22 

Palntard do G  11  15  15 

Patok,  PhiUppe  &  Co do G  II  M  17 

Rodaoet&Co do G  II  lt«  25 

Somieax do G  II  15  1- 

Soachy&Son do G  II  20  27 

SWl88  and  English do G  II  12  12 

tests  at  observatories do G  II  15  U 

Watchmakidg do B  I  477  nfri 

Water  in  wheat ViennaBread B  IT  9  "^ 

power  compared  with  steam-power Machinery A  III  175  17*^ 

in  Sweden,  Ackerman's  report . . .  Metallurgy E  IV  157  133 

proportion  in  bread ViennaBread B  II  06  215 

supply  of  the  exhibition Architecture B  IV  &  14 

Vienna do B  IV  10  13 

Water-wheels Inlix)diiction B  I  253  106 

Capron's do B  I  272  127 

CoUadon's  floating Machinery A  III  179  1* 

Gwynne  &  Go.'s  turbine do A  III  173  1» 

principles  of  construction   do A  III  ls4  iSP 

Royer  Wheel  Co. 's Introduction B  I  431  3*- 

Straub's  vertical Machinery A  III  179  1?: 

turbines do A  III  176  1* 

Watson,  AV.,  Report  on  Civil  Engubeuikg, 

Public  WoiiKS,  AND  A bciiitkctuhr Civil  Engineering C  III 

Watt,  James,  &  Co.'s  Works Machinery A  HI  475  3dC 

Weaving  by  power-looms do A  III  348  32r. 

of  cotton, Poez's report Introduction.... B  I  404  293 

Steiger- Meyer's  report do B  I  4T5  3?1 

Webb's  wheel-flnishing  machine Machinery A  III  S43  94!^ 

Weber  on  the  manufacture  of  paiier Introduction B  I  376  232 

AVeed  sewing-machine Scwiog-Machines B  III  16  <? 

Wegmann's  Walzmiihle ViennaBread B  II  47  101 

Weigert  on  textile  fabrics Introduction B  I  374  24*' 

Weights  and  measures,  tables do A  I  219  7C 

value  of do A  I  27 

Do do B  I  291 

Weinwurm  on  musical  instruction do B  I  449  3S» 

Weisswasser  school  of  forestry Forestry D  I  99  145 

Welsh  mountain-sheep Sheep  and  Wool E  I  29  > 

Weltrus  forests Forestry 'd  I  92  12^ 

Westphalian  pumpernickel ViennaBread B  II  84  192 

West's  tirc-scttor,  Hartig  and  others'  reports . . .  Introduction B  I  382  363 

Ridell's  report do B  I  431  3» 

Thurston's  report Machinery A  III 

Wheat,  {9ee  Bread.) 

analysis, approximate A'ienuaBread "B  II  9  2i^ 

Dempwolflrs do B  II  78  152 

Horsford's do B  II  105  2rfcl 

AutttraHau do B  II  18  4' 

Banst do B  II  le  *5 

chemical  componitlon  of do B  II  6  • 
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Wbeat, chemical  ingredients YiennaBread B      n  8  16 

climate,  effect  of do B      II  10  27 

colors do B      n  16  41 

comparison  of  Victoria  witli  Hangarian do B      II  16  40' 

description  of  the  grain  of do B      II  8  4 

diseases  and  enemies  of do B      II  91  51 

Eoropean  varieties do B      II  19  46 

Hungarian do B       II  14  36 

and  Victoria do B      II  15  40 

Dempwolff's  investigations do B       II  103  289 

prodactsof do B      II  57  185 

imparities do B      II  21  52 

in  American do B      11  06  139 

kinds  osually  sown do ^^..^     B       II  18  44 

Minnesota  "Fife" do B       II  56  122 

Parisbread do B      II  .    88  193, 

phosphorus  in do B       II  13  33. 

plant,  structure do B       II  10  47 

pulverization  by  blows do B       II  31  65 

purification  of do B       II  55  181 

table  of  varieties  of  Hungarian do B       II  16  43 

Wheeler  &  Wilson's  sewing-machine Introduction B        I  383  270 

Do Sewing-lCacLines B  III  22  3 

Wheels,  («0«  Water-wheels) Introduction B        I  430  337 

CoUadon's  floating Machinery A  III  179  186 

feathering  paddle do A  III  58  63 

forged-iron  driving do A  HI  81  95 

locomotive do A  III  335  314 

Krupp'ssteel do A  III  81  96 

White-lead  manufacture,  Pontschare  Works...  Metallurgy f  IV  171  405 

Whitney  &  Co.'s  lathe,  Exner's  report Introduction B        I  424  323. 

wood  •  working      machinery, 

Anderson*!  report do B        I  243  93 

Exner's  report do B        I  480  315 

Hartig  and  others' report do B        I  382  264 

Whitney's,  B.  D.,  tools Machinery A  II  249  258 

Whitwoll's  hot-blast  stoves Metallurgy E  IV    155 

Whitworth's,  Sir  Joseph,  compressed  cast-steel.  Machinery A  III  439  415 

machinery do A  III  435  412 

ordnance do A  III  436  413 

compared 
with  Wool- 
wich  do A  III  438  414 

Wiener- Wald-forest Forestry D  I  66  81 

Wiesner's  views  of  the  yeast-plant Vienna  Bread B  II  80  176 

Wilcox  &  Gibbs' sewing-machines Introduction B  I  3S3  268 

Do Sewing-Machines B  III  13  3 

Willow-ware  industry Wood  Industries C  IV  24  19 

Wilson  sewing-machine Sewing-Machines B  III  15  3 

Wilson  &  Co.'s  steam-cranes Machinery A  III  335  315 

Window,  double,  advantages Wood  ludnstrios C  IV  8  5- 

Wines,  (ue  Liquors,  Viniculture.) 

American Introduction B  I  300  154 

Ott'sreport do B  I  470  374 

production  of  the  world do B  I  330  185 

Vizetelly's  report do B  I  284  146 

Winnowing  and  separating  grains Vienna  Bread B  II  22  53 

Wire-rope  traces Metallurgy E  IV  53  35 
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Wires,  telegraphic,  {see  Telegraphs.) 

Wiro-works,  Hamm Mctallnrgy E  IV  63  M 

Lippatadt do E  IV  63  54 

Nachrodt do E  IV  62  53 

Werdohl do E  IV  64  53 

AVoiiieu,  colleges  for IntrodnoUon B  I  356  219 

needed  as  teachers Edncation K  II  46  23 

the  best  teachers do .- K  II  70  31 

Wood-oshea,  potash  from Fertilizers C  II  SI  55 

and  paper  manufactnres  of  Germany Machinery A  III  353  33e 

carving Wood  Indnstries C  IV  15  15 

for  mnsical  instrnments do C  IV  25  20 

Wood  Industries,  Report  by  N.  M.Lowb do C  IV 

preservation  of Telegraphs J  II  18  36 

split,  mannfactare  of Introduction B  I  408  3C0 

ft.  iron  in  ship-building Machineryl A  III  421  3W 

Wood-working : 

Machinery Wood  Industries C  IV  6  3 

Armstrong'o  dovetailing  machine  Introduction B  I  345  M 

at  Vienna Machinery A  III  247  255 

Austrian do A  III  287  277 

C.  B.  Rogers'— 

Anderson's  repr>rt Introduction B  I  247  96 

Exner's  report do B  I  421  316 

general  character  of Machinery A  III  249  2X 

Knapp's  dovetailing  machine — 

Anderson's  report Introduction B  I  246  95 

Exner's  report do B  I  422  31? 

Tools,  American Machinery A  III  2-19  257 

British do A  III  265  26e 

B.  D.  Whitney's— 

Anderson's  report Introduction B  I  243  93 

Esner's  report do B  I  420  315 

Hartig  and  others' report do B  I  3^  *4 

French. Machinery A  III  284  273 

Lane  du  Bodley's Introduction B  I  421  317 

Tresca's  report do B  I  341  197 

Woodbury's  brush-making : 

Machinery -Machinery A  III  3&7  i90 

Anderson's  report Introduction B  I  250  96 

Exner's  report do B  I  422  319 

Hartig  and  others' report do B  I  272  3S4 

Woo<lbury's  photographic  process Photography D  11  8  11 

Woodburytype do D  II  18  47 

Woodland,  effect  of  pasturing  in Forestry D  I  21  20 

Woods'  mowers  and  reapers : 

Michael's  report Introduction : B  I  t!53  l(te 

Tisserand's  report do B  I  205  1» 

Wooiis  for  interiors Architecture B  II  19  29 

Vienna do B  II  19  'S* 

Wool  and  SiiEEr,  Keiwrt  by  J,  R.  Dod(J£ Sheep  and  Wool E  1 

Wool,  demand  and  supply do.      .' EI  6  :j 

fine,of  Saxony do EI  41  j.» 

German,  prices do EI  41  54 

merinocs do El  10  11 

grades  of.  German  merinocs do E  I  10  II 

growing,  future  prospects  of do E  I  4«l  &1 

in  Saxony do El  41  .^ 
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Wool-gro-wiDf:  in  Fnisaian  Silesia Sheep  and  Wool EI  42  56 

United  Stateg , do EI  45  59 

importation  Into  the  United  States do EI  48  61 

mannfactare  in  Great  Britain do E  I  17  18 

product  of  the  world do EI  49  63 

spinner,  Avery's Machinery A  I  288  279 

Anderson's  report Introduction B  I  247  97 

Hartig  and  others' report do B  I  383  206 

Zeman's  report do B  I  423  321 

Woolen  manufactnres  of  Switzerland Machinery , A  III  349  329 

Woolwich  ordnance  compared  with  Whitworth do A  III  438  414 

Wootz  or  Indian  steel Metallurgy E  IV  ......  171 

Working  of  Stone,  Report  by  L.  J.  Hixton Working  of  Stone D  IV 

Workingmcn,  British,  at  Vienna Machinery A  III  342  321 

education  in  Vienna *. Working  of  Stone D  IV  22  24 

Association,  G  e  0  r  g  8-M  a  r  i  e  n - 

HutteCompany Metallurgy E  IV  102  72 

Working-people,  care  of,  Georgs-Marien-Hiitte 

Company do E  IV  98  65 

in  Europe,  condition  of Machinery A  III  390  371 

Workmanship Introduction B  I  271  126 

Works,  Borsig's  locomotive  ! Machinery A  III  364  358 

Cail&Co.'s do A  IH  396  379 

Dowlais do A  III  448  418 

Fairfield do A  HI  423  399 

Krupp's do A  HI  370  360 

Do Metallurgy' E  IV  69  59 

LowMooriron Machinery A  III  415  395 

Schneider  &  Co.'8 do A  III  394  376 

Sharpe,  Stewart  &  Co. 's  locomotive do A  III  399  381 

t5oci6t6  Cockertll's do A  III  383  365 

Worssam  &  Co.'s  exhibits do A  III  280  271 

Worthley's  photographic  process Photography '....  D  II  8  10 

Wrought  iron  and  steel,  Ackerman's  report Metallurgy E  IV  172  140 

cross-heads do E  IV  179 

gates  and  railways do E  IV  186 

in  constructing  buildings Architecture B  IV  13  23 

•    journal-boxes Metallurgy E  IV  160 

WUrteniberg  school  of  forestry Forestry D  I  97  136 

Y. 

Yeast  bread,  problem  of  a ViennaBread B  II.  86  186 

cells do B  II  80  176 

Blondeau's  theory  of do B  II  79  172 

Do do B  II  82  178 

cavitiesin do B  II  79  172 

effectof heaton do    B  II  79  173 

solution  of  sugar do B  II  80  174 

illustration  of  growth do... B  II  80  175 

size do B  n  78  169 

fermentation,  charges  by do .• B  II  ill  240 

effectof do B  11^  83  182 

lossduoto do B  II  96  215 

Pasteur's  theory do B  II  82  179 

processof do B  II  78  169 

theories  of... do B  11  81  177 

plant,  illustration do B  II  80  175 

Mitschcilicb's  observations do B  II  78  171 
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Yeast  plant,  Wiesner'a  obserratioDB Vienna  Bread B  II  82  ITZ 

preaaed do B  II  86  1^7 

preparation  of do B  II  87  189 

Zettler'8 do B  II  87  190 

Yonne  and  the  Seine,  river  improvements Hydraalic  Engineering D  III  14  S4 

Yorkahire  flaKging Working  of  Stone D  IV  26  32 

Yonng's  diamond-saw do U  IV  16  14 

z. 

Zaffiiuk  on  cartography Introduction B  I  433  343 

Zalathna  Smelting  Works • Metallurgy F  IV  213  47? 

Zeh'sgrate Machinery A  III  134  H^ 

Zeman  on  Avery's  wool-spinner Introduction B  I  423  331 

twilledgoods do B  I  414  30? 

.Zinc,  &c.,  Metallurgy  of,  Report  by 

H.PAINTER Metallurgy F  IV 

andcadmium Introduction B  I  366  S3S 

desilverization ,  Ems  Smelting  Works Metallurgy F  IV  155  367 

Germania    Smelting    and 

Refining  Works do F  IV  4  10 

Herhst&Co do F  IV  144  336 

Jamowitz do F  IV  139  325 

Lautenthal,  Pattinson's  process do F  IV  116  275 

Mechemicher  SmelUng  Works do F  IV  153  353 

metallic  production  at  Frieherg do F  IV  57  135 

Mining  Companies  de  la  Vielle do F  IV  19  46 

Stolberg  Stock  Company do F  IV  148  347 

Styria - do F  IV  172  411 

vitriol  manufacture,  Julius  Hiitto do F  IV  131  310 

Zinc-blende  for  sulphuric  acid Chemical  Industry A  II  5  2 

Zinner  and  others  on  shovels Introduction B  I  436  349 

Zins-houso Architecture A  IV  6  5 

Zurich  school  of  forestry Forestry D        I  99  14S 

Zwianor  on  pumps Introduction B  I  423  320 
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Blakk,  Wm.  Phipps,  Mining  Engineer,  Member  of  the  InternationalJiiry. 

Metallurgy  of  iron  and  steel E  IV 

Bridges,  Lyman,  Member  of  the  Artisan  Commission  of  the  United  States. 

Buildings  of  the  Exhibition  and  railroad  structures Aa  IV 

Brooks,  David,  Esq.,  Honorary  Commissioner  of  the  United  States. 

Telegraphs  and  apparatus J    II 

Brown,  Arthur  H.,  Esq.,  Honorary  Commissioner  of  the  United  States. 

Governmental  printing  institutions P    II 

Carpenter,  Charles  F.,  M.  D.,  Honorary  Commissioner  of  the  United  States. 

Instruments  of  precision  for  keeping  time,  etc G    II 

CoiJLiER,  Peter,  Ph.  D.,  Member  of  the  Scientific  Commission  of  the  United 
States,  Member  of  the  International  Jury. 
Commercial  fertilizers C    II 

» 

CuTTS,  Richard  D.,  U.  S.  Coast  Survey,  Honorary  Commissioner  of  the  United 
States. 
Instruments  of  precision H    II 

Davis,  Charles,  C.  E.,  Member  of  the  Artisan  Commission  of  the  United  States. 

Hydraulic  engineering D  m 

Derby,  Nelson  L.,  B.  A.,  Honorary  Commissioner  of  the  United  States. 

Architecture  and  materials  of  construction B  IV 

Dodge,  J.  R.,  Statistician  to  the  United  States  Department  of  Agriculture. 

Sheep  and  wool E      I 

DoREMUS,  Charles  A.,  Ph.  D.,  Assistant  to  the  Chair  of  Chemistry  and  Toxi- 
cology, Bellevue  Hospital  Medical  College,  New  York  City. 
Photography  and  recent  improvements  in  PiioroGRiU'HY D    II 

Fairfield,  George  A.,  Esq. 

Sewing-machines B  III 

Gallaudet,  Edward  M.,  Esq. 

Deaf-mute  instruction M    II 

Governmental  patronage  of  art N    II 

Garretson,  H.,  Esq.,  Chief  Executive  Commissioner. 

Report  of  the  Chief  Executive  Commissioner C      I 

GiBBS,WoiX30TT,M.D.,  Rumford  Professor  in  Harvard  University,  Member  of 
the  Scientific  Commission  of  the  United  States.* 
Physical  ^ipparatus  and  chemical  materials '. F    II 

HiNTON,  Louis  J.,  Esq.,  Member  of  the  Artisan  Commission  of  the  United  States, 
Member  of  the  International  Jury. 
The  working  of  stone;  Artificial  stones D  IV 

HoRSFORD,  ProfessorE.  N.,  Member  of  the  Scientific  Commission  of  the  United 
States,  Member  of  the  International  Jury. 
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Volniue. 
HoYT,  John  W.,  A.  M.,  Honorary  Commissioner  of  the  Uuited  States,  Member 
of  the  International  Jnry. 
Educatiox L    II 

Lines,  Robert  B.,  Esq.,  Member  of  the  Artisan  Canmif»3ionof  the  United 
States,  Member  of  the  International  Jury. 
Telegraphs  and  teusgraphic  administration I   II 

Lowe,  N.  M.,  Esq.,  Member  of  the  Artisan  Commission  of  the  United  States, 
Member  of  the  International  Jury. 
Wood  industries C  IV 

NiERNS^E,  John  R.,  F.  A.  I.  A.,  Member  of  the  Artisan  Commission  of  the  United 
States,  Member  of  the  International  Jury. 
Private  dwellings  in  Vienna A  IV 

Painter,  Howard,  Honorary  Comm  issiouer  of  the  Uni  ted  S  bates,  Member  of  the 
International  Jurj^^. 
Metallurgy  of  lead,  silver,  copper,  and  zinc F  IV 

RUPPANER,  Dr.  Anthony,  A.  M.,  M.  D.,  Assistant  Commissioner  of  the  United 
States. 
Medicine  AND  surgery E    II 

Seguin,  Edward,  M.  D. 

Education K    II 

SiLCOX,  George  W.,  Esq.,  Honorary  Commissioner  of  the  United  States, 
Member  of  the  International  Jury. 

The  art  of  printing  and  manufactures  of  paper O    II 

Smith,  J.  Lawrence,  M.  D.,  Member  of  the  Scientific  Commisiionof  the  United 
States,  Member  of  the  International  Jury. 

Chemicals  and  chemical  industry A     II 

Thurston,  Robert  H.,  A.  M.,  C.  E.,  Editor  of  the  Rei)orts,  Member  of  the 
Scientific  Commission  of  the  United  States,  Member  of  the  Interna- 
tional Jury. 
Introduction  to  the  reports  of  the  United  States  Commissioners 

TO  Vienna I 

Machinery  AND  manufactures , A  III 

Warder,  John  A.,  M.  D.,  Member  of  the  Scientific  Commisiion  of  the  Uait^d 
States,  Member  of  the  International  Jury. 
Forests  AND  forestry : D      I 

Watson,  William,  Ph.  D.,  Honorary  Commissioner  of  the  United  States. 

Civil  engineering ;  Public  works  ;  Architecture C  III 
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Apparatus,    Physical,  and  chemical  materials,  suitable  for    scientific 

research.    Wolcoti' Gibbs F    II 

Arch  itecture  and  materials  of  construction.    N.  L.  Derby B   IV 

PRIVATE  dwellings  IN  Vienna.    J.  R.  Nierns6e A  IV 

civil  engineering  and  public  works.    Wm.  Watson  -  C  III 

Art,  Governmental  patronage  of.    E.  M.  G allaudet L P    II 

Bread,  Vienna.    E.  N.  Horsford B    II 

Buildings   of  the    Exhibition   and    railroad    structures.      Lyman 

Bridges Aa  IV 

Chemicals  and  chemical  industry.    J.  L.  Smith A    II 

physical  apparatus.    Wolcott  Gibbs F    II 

Civil  engineering  :  Public  WORKS ;  Architecture.    Wm.  Watson C  III 

Commercial  fertilizers.    P.Collier C    II 

Dwellings,  Construction  and  embellishment  of.    J.  R.  Nierns6e A  IV 

Deaf-mute  instruction.    E.  M.  Gallaudet M    II 

Education.    J.  W.  Hoyt L    II 

Education.    E.  Seguin K    II 

Engineering,  civil.    Wm.  Watson - C  III 

hydraulic.    C.Davis D  III 

MECHANICAL     R.  H.  TlIUKSTON A    III 

Fertiuzers,  Commercial.    P.Collier C    II 

Forests  AND  FORESTRY.    J.  A.  Warder D      I 

Hydraulic  engineering.    C.Davis D  III 

Instruments  OF  precision.    C.  F.  Carpenter G    II 

Instruments  of  PRECISION.    R.D.  Cutts H    II 

Introduction  TO  THE  REPORTS.    R.  H.  Thuiiston A     I 

Machinery  and  manufactures.    R.  IL  Thurston A  III 

Medicine  AND  SURGERY.    A.  Ruppaner E    II 

Metallurgy  of  IRON  AND  STEEL.    W.  P.  Blake E   IV 

Metallurgy  of  lead,  silver,  copper,  and  zinc.    II.  Painter F  IV 

Photography  and  improvements  in  photography.    C.  A.  Doremus D    II 

Physical  apparatus  and  chemical  materials.    W.  Gibbs F    II 

Printing  INSTITUTIONS  IN  Europe.    A.  H.  Brown P    II 

Printing  and  manufactures  of  paper.    G .  W.  Silcox O    II 

Railroad   structures   and   buildings    of    the    Exhibition.      Lyman 

Bridges Aa  TV 

Report  of  the  Chief  Executive  Commissioner.    H.  Garretson C      I 

Sewing-machines.    G.  A.  Fairfield B  III 

Stone-working  and  artifici  al  stones.    L.  J.  IIinton D  IV 

Telegraphs  AND  apparatus.     D.Brooks J    II 

Telegraphs  and  telegraphic  administration.    R.  B.  Lines I    II 
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Wood  industries.    N.M.Lowe C   IV 
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